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ABSTRACT 


Four  firings  of  the  Rocketdyne  J-2  rocket  engine  were  conducted  in 
Test  Cell  J-4  of  the  Large  Rocket  Facility.  The  firings  were  accom¬ 
plished  during  test  period  J4-1801-01  at  pressure  altitudes  ranging 
from  97,  000  to  108,  000  ft  at  engine  start  to  evaluate  S-V/S-II  gas  gener¬ 
ator  ignition  characteristics  for  J-2  engine  J-2052.  Engine  components 
were  temperature  conditioned  to  the  predicted  values  for  the  S-II 
interstage /engine  environment.  Satisfactory  engine  operation  was  ob¬ 
tained.  The  accumulated  firing  duration  was  45.  3  sec. 


iii 


A  E  DC  -T  R  -67-1 8 1 


CONTENTS 

Page 

ABSTRACT .  iii 

NOMENCLATURE  . .  vii 

1.  INTRODUCTION .  1 

II.  APPARATUS .  1 

III.  PROCEDURE .  7 

IV.  RESULTS  AND  DISCUSSION .  8 

V.  SUMMARY  OF  RESULTS .  15 

REFERENCES .  16 

APPENDIXES 

I.  ILLUSTRATIONS 
Figure 

1.  Test  Cell  J-4  Complex .  19 

2.  Test  Cell  J-4,  Artist's  Conception .  20 

3.  Engine  Details .  21 

4.  S-IVB  Battleship  Stage/J-2  Engine  Schematic .  22 

5.  Engine  Schematic . 23 

6.  Engine  Start  Logic  Schematic .  24 

7.  Engine  Start  and  Shutdown  Sequence  .  25 

8.  Engine  Transient  Operation,  Firing  01A .  27 

9.  Engine  Ambient  and  Combustion  Chamber  Pressures, 

Firing  01A .  29 

10.  Thermal  Conditioning  History  of  Engine  Components, 

Firing  01A .  30 

11.  Gas  Generator  Start  Transient,  Firing  01A .  32 

12.  Gas  Generator  Shutdown  Transient,  Firing  01A .  33 

13.  Fuel  Pump  Start  Transient  Performance,  Firing  01A  .  .  34 

14.  Engine  Transient  Operation,  Firing  01B .  35 

15.  Engine  Ambient  and  Combustion  Chamber  Pressures, 

Firing  01B .  37 


v 


AEDC-T  R-67-1  81 


Figure  Page 

16.  Thermal  Conditioning  History  of  Engine  Components, 

Firing  01B .  38 

17.  Gas  Generator  Start  Transient,  Comparison  of 

Firings  01A  and  OlB .  40 

18.  Gas  Generator  System  Differential  Pressures  ....  41 

19.  Gas  Generator  Shutdown  Transient,  Firing  OlB.  ...  42 

20.  Fuel  Pump  Start  Transient  Performance, 

Firing  OlB .  43 

21.  Engine  Transient  Operation,  Firing  01C .  44 

22.  Engine  Ambient  and  Combustion  Chamber  Pressures, 

Firing  01C .  46 

23.  Thermal  Conditioning  History  of  Engine.  Components, 

Firing  01C .  47 

24.  Gas  Generator  Start  Transient,  Comparison  of 

Firings  OlB  and  01C .  49 

25.  Gas  Generator  Shutdown  Transient,  Firing  01C'.  ...  50 

26.  Fuel  Pump  Start  Transient  Performance, 

Firing  01C .  51 

27.  Engine  Ambient  and  Combustion  Chamber  Pressures, 

Firing  01D  .  . .  52 

28.  Engine  Transient  Operation,  Firing  01D .  53 

29.  Thermal  Conditioning  History  of  Engine  Components, 

Firing  01D .  55 

30.  Gas  Generator  Start  Transient,  Comparison  of 

Firings  01A  and  01D .  57 

31.  Gas  Generator  Shutdown  Transient,  Firing  01D.  ...  58 

32.  Fuel  Pump  Start  Transient  Performance, 

Firing  01D .  59 

II.  TABLES 

I.  Major  Engine  Components .  60 

II.  Summary  of  Engine  Orifices .  61 

III.  Engine  Modifications  (between  Tests  J4- 1554-30 

and  J4- 1801-01) .  62 


vi 


A  E  DC-T  R-67-18 1 


II.  TABLES  (Continued) 

Page 


IV.  Engine  Component  Replacements  (between 

Tests  J4-1554-30  and  J4-1801-01)  . .  63 

V.  Engine  Purge  and  Component  Conditioning 

Sequence .  64 

VI.  Summary  of  Test  Requirements  and  Results .  65 

VII.  Engine  Valve  Timings .  66 

VIII.  Engine  Performance  Summary .  6  7 

III.  INSTRUMENTATION .  68 

IV.  METHODS  OF  CALCULATIONS  (PERFORMANCE 

PROGRAM) .  82 


NOMENCLATURE 


A  Area,  in.^ 

AS1  Augmented  spark  igniter 

ES  Engine  start,  designated  as  the  time  that  helium  control  and 

ignition  phase  solenoids  are  energized 

GG  Gas  generator 

MOV  Main  oxidizer  valve 

STDV  Start  tank  discharge  valve 

tQ  Defined  as  the  time  at  which  the  opening  signal  is  applied  to 

the  start  tank  discharge  valve  solenoid 

VSC  Vibration  safety  counts,  defined  as  the  time  at  which  engine 

vibration  was  in  excess  of  150  g  in  a  960-  to  9000-Hz  fre¬ 
quency  range 


SUBSCRIPTS 

f 

m 


t 


Force 

Mass 

Throat 


vii 


AEDC-TR.  67-181 


SECTION  I 
INTRODUCTION 


Testing  of  the  Rocketdyne  J-2  rocket  engine  (S/N  J-2052)  using  a 
S-IVB  battleship  stage  has  been  in  progress  since  July  1966  at  AEDC 
in  support  Df  the  J-2  engine  application  on  the  Saturn  IB  and  Saturn  V 
launch  vehicles  for  the  NASA  Apollo  Program.  The  four  firings  re¬ 
ported  herein  were  conducted  during  test  period  J4- 1801-01  on  July  6 
and  7,  1967,  in  Propulsion  Engine  Test  Cell  (J-4)  {Figs.  1  and  2, 
Appendix  I)  of  the  Large  Rocket  Facility  (LRF)  to  investigate  J-2  engine 
S-V/S-II  gas  generator  ignition  characteristics.  These  firings  were 
accomplished  at  pressure  altitudes  ranging  from  97,  000  to  108,  000  ft 
(geometric  pressure  altitude,  Z,  Ref.  1)  at  engine  start  and  with  pre¬ 
dicted  S-II  interstage /engine  temperature  conditions  as  the  targets  for 
conditioning  engine  components.  ' 

Data  collected  to  accomplish  the  test  objectives  are  presented  here¬ 
in.  Copies  of  all  data  obtained  during  tnis  test  have  been  previously 
supplied  to  the  sponsor,  and  copies  are  on  file  at  AEDC.  The  results 
of  the  previous  test  period  are  presented  in  Ref,  2. 


SECTION  II 
APPARATUS 


2.1  TEST  ARTICLE 

The  test  article  was  a  J-2  rocket  engine  (Fig.  3)  designed  and 
developed  by  Rocketdyne  Division  of  North  American  Aviation,  Inc.  The 
engine  uses  liquid  oxygen  and  liquid  hydrogen  as  propellants  and  has  a 
thrust  rating  of  225,  000  lbf  at  an  oxidizer-to-fuel  mixture  ratio  of  5.5. 

A  S-IVB  battleship  stage  was  used  to  supply  propeLlants  to  the  engine. 

A  schematic  of  the  battleship  stage  is  presented  in  Fig.  4. 

Listings  of  major  engine  components  and  engine  orifices  for  this 
test  period  are  presented  in  Tables  I  and  II,  respectively  (Appendix  II), 
All  engine  modifications  and  component  replacements  performed  since 
the  previous  test  period  are  presented  in  Tables  III  and  IV,  respectively. 
The  thrust  chamber  heater  blankets  were  in  place  during  this  test  period, 
although  they  were  not  utilized. 


1 


A  E  DC-T  R  -67-1 8 1 


2.1.1  J-2  Rocket  Engine 

The  J-2  rocket  engine  (Figs.  3  and  5,  Ref.  3)  features  the  following 
major  components: 

1.  Thrust  Chamber  -  The  tubular- walled,  bell -shaped  thrust 
chamber  consists  of  an  18.  6 -in.  -diam  combustion  chamber 
(8.0  in.  long  from  the  injector  mounting  to  the  throat  inlet) 
with  a  characteristic  length  (L*)  of  24.6  in.,  a  170.  4-in. 2 
throat  area,  and  a  divergent  nozzle  with  an  expansion  ratio  of 
27.  1.  Thrust  chamber  length  (from  the  injector  flange  to  the 
nozzle  exit)  is  107  in.  Cooling  is  accomplished  by  the  circula¬ 
tion  of  engine  fuel  flow  downward  from  the  fuel  manifold  through 
180  tubes  and  then  upward  through  360  tubes  to  the  injector. 

2.  Thrust  Chamber  Injector  -  The  injector  is  a  concentric -orificed 
(concentric  fuel  orifices  around  the  oxidizer  post  orifices), 
porous -faced  injector.  Fuel  and  oxidizer  injector  orifice  areas 
are  2b.  0  and  16.  0  in. 2,  respectively.  The  porous  material, 
forming  the  injector  face,  allows  approximately  3.  5  percent  of 
total  fuel  flow  to  transpiration  cool  the  face  of  the  injector. 

3.  Augmented  Spark  Igniter  -  The  augmented  spark  igniter  unit  is 
mounted  on  the  thrust  chamber  injector  and  supplies  the  initial 
energy  source  to  ignite  propellants  in  the  main  combustion 
chamber.  The  augmented  spark  igniter  chamber  is  an  integral 
part  of  the  thrust  chamber  injector.  Fuel  and  oxidizer  are  ig¬ 
nited  in  the  combustion  area  by  two  spark  plugs. 

4.  Fuel  Turbopump  -  The  turbopump  is  composed  of  a  two-stage 
turbine-stator  assembly,  an  inducer,  and  a  seven-stage  axial- 
flow  pump.  The  pump  is  self  lubricated  and  nominally  produces, 
at  rated  conditions,  a  head  rise  of  35,517  ft  (1225  psia)  of  liquid 
hydrogen  at  a  flow  rate  of  8414  gpm  for  a  rotor  speed  of 

26,  702  rpm. 

5.  Oxidizer  Turbopump  -  The  turbopump  is  composed  of  a  two- 
stage  tui bine-stator  assembly  and  a  single-stage  centrifugal 
pump.  The  pump  is  self  lubricated  and  nominally  produces,  at 
rated  conditions,  a  head  rise  of  2117  ft  (1081  psia)  of  liquid 
oxygen  at  a  flow'  rate  of  2907  gpm  for  a  rotor  speed  of  8572  rpm. 

6.  Gas  Generator  -  The  gas  generator  consists  of  a  combustion 
chamber  containing  two  spark  plugs,  a  pneumatically  operated 
control  valve  containing  oxidizer  and  fuel  poppets,  and  an  in¬ 
jector  assembly.  The  oxidizer  and  fuel  poppets  provide  a  fuel 
lead  to  the  gas  generator  combustion  chamber.  The  high  energy 
gases  produced  by  the  gas  generator  are  directed  to  the  fuel 
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turbine  and  then  to  the  oxidizer  turbine  (through  the  turbine 
crossover  duct)  before  being  exhausted  into  the  thrust 'cham¬ 
ber  at  an  area  ratio  (A /At)  of  approximately  11. 

7.  Propellant  Utilization  Valve  -  The  motor-driven  propellant 
utilization  valve  is  mounted  on  the  oxidizer  turbopump  and  by¬ 
passes  liquid  oxygen  from  the  discharge  to  the  inlet  side  of  the 
pump  to  vary  engine  mixture  ratio. 

8.  Propellant  Bleed  Valves  -  The  pneumatically  operated  fuel  and 
oxidizer  bleed  valves  provide  pressure  relief  for  the  boiloff  of 
propellants  trapped  between  the  battleship  stage  prevalves  and 
main  propellant  valves  at  engine  shutdown. 

9.  Integral  Hydrogen  Start  Tank  and  Helium  Tank  -  The  integral 
tanks  consist  of  a  7 258-in. 3  sphere  for  hydrogen  with  a 
1000-in. 3  sphere  for  helium  located  within  it.  Pressurized 
gaseous  hydrogen  in  the  start  tank  provides  the  initial  energy 
source  for  spinning  the  propellant  turbopumps  during  engine 
start.  The  helium  tank  provides  a  helium  pressure  supply  to 
the  engine  pneumatic  control  system. 

10.  Oxidizer  Turbine  Bypass  Valve  -  The  pneumatically  actuated 
oxidizer  turbine  bypass  valve  provides  control  of  the  fuel 
turbine  exhaust  gases  directed  to  the  oxidizer  turbine  in  order 
to  control  the  oxidizer-to-fuel  turbine  spinup  relationship.  The 
fuel  turbine  exhaust  gases  which  bypass  the  oxidizer  turbine  are 
discharged  into  the  thrust  chamber, 

11.  Main  Oxidizer  Valve  -  The  main  oxidizer  valve  is  a  pneumatically 
actuated,  two -stage,  butterfly -type  valve  located  in  the  oxidizer 
high  pressure  duct  between  the  turbopump  and  the  main  injector. 
The  first -stage  actuator  positions  the  main  oxidizer  valve  at 

the  14-deg  position  to  obtain  initial  thrust  chamber  ignition;  the 
second -stage  actuator  ramps  the  main  oxidizer  valve  full  open 
to  accelerate  the  engine  to  main-stage  operation. 

12.  Main  Fuel  Valve  -  The  main  fuel  valve  is  a  pneumatically^ 
actuated  butter  fly -type  valve  located  in  the  fuel  high  pressure 
duct  between  the  turbopump  and  the^uel  manifold. 

13.  Pneumatic  Control  Package  -  The  pneumatic  control  package 
controls  all  pneumatically  operated  engine  valves  and  purges. 

14.  Electrical  Control  Assembly  -  The  electrical  control  assembly 
provides  the  electrical  logic  required  for  proper  sequencing  of 
engine  components  during  operation. 
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15.  Primary  and  Auxiliary  Flight  Instrumentation  Packages  -  The 
instrumentation  packages  contain  sensors  required  to  monitor 
critical  engine  parameters.  The  packages  provide  environ¬ 
mental  control  for  the  sensors. 

2.1.2  S-IVB  Baltleship  Stage 

The  S-IVB  battleship  stage  is  approximately  22  ft  in  diameter  and 
49  ft  long  and  has  a  maximum  propellant  capacity  of  46,  000  lb  of  liquid 
hydrogen  and  199,  000  lb  of  liquid  oxygen.  The  propellant  tanks,  fuel 
above  oxidizer,  are  separated  by  a  common  bulkhead.  Propellant  pre¬ 
valves,  in  the  low  pressure  ducts  (external  to  the  tanks)  interfacing  the 
stage  and  the  engine,  retain  propellant  in  the  stage  until  being  admitted 
into  the  engine  to  the  main  propellant  valves  and  serve  as  emergency 
engine  shutoff  valves.  Propellant  recirculation  pumps  in  both  fuel  and 
oxidizer  tanks  are  utilized  to  circulate  propellants  through  the  low  pres¬ 
sure  ducts  and  turbopumps  before  engine  start  to  stabilize  hardware  tem¬ 
peratures  near  normal  operating  levels  and  to  prevent  propellant  tem¬ 
perature  stratification.  Vent  and  relief  valve  systems  are  provided  for 
both  propellant  tanks. 

Pressurization  of  the  fuel  and  oxidizer  tanks  was  accomplished  by 
facility  systems  using  hydrogen  and  helium,  respectively,  as  the  pres¬ 
surizing  gases.  The  engine-supplied  gaseous  hydrogen  and  gaseous 
oxygen  for  fuel  and  oxidizer  tank  pressurization  during  S-II  flight  were 
routed  to  the  respective  facility  venting  systems. 


2.2  TEST  CELL 

Test  Cell  -J-4,  Fig.  2,  is  a  vertically  oriented  test  unit  designed 
for  static  testing  of  liquid-propellant  rocket  engines  and  propulsion  sys¬ 
tems  at  pressure  altitudes  of  100,  000  ft.  The  basic  cell  construction 
provides  a  1 .  5-million-lbf-thrust  capacity.  The  cell  consists  of  four 
major  components  (1)  test  capsule,  48  ft  in  diameter  and  82  ft  in  height, 
situated  at  grade  level  and  containing  the  test  article;  (2)  spray  chamber, 
100  ft  in  diameter  and  250  ft  in  depth,  located  directly  beneath  the  test 
capsule  to  provide  exhaust  gas  cooling  and  dehumidification;  (3)  coolant 
water,  steam,  nitrogen  (gaseous  and  liquid),  hydrogen  (gaseous  and 
liquid),  and  liquid  oxygen  and  gaseous  helium  storage  and  delivery  sys¬ 
tems  for  operation  of  the  cell  and  test  article;  and  (4)  control  building, 
containing  test  article  controls,  test  cell  controls,  and  data  acquisition 
equipment.  Exhaust  machinery  is  connected  with  the  spray  chamber  and 
maintains  a  minimum  test  cell  pressure  before  and  after  the  engine  firing 
and  exhausts  the  products  of  combustion  from  the  engine  firing.  Before 
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a  firing,  the  facility  steam  ejector,  in  series  with  the  exhaust  machinery, 
provides  a  pressure  altitude  of  100,  000  ft  in  the  test  capsule.  A  detailed 
description  of  the  test  cell  is  presented  in  Kef.  4. 

The  battleship  stage  and  the  J-2  engine  were  oriented  vertically 
downward  on  the  centerline  of  the  diffuser-steam  ejector  assembly. 

This  assembly  consisted  of  a  diffuser  duct  (20  ft  in  diameter  by  150  ft 
in  length),  a  centerbody  steam  ejector  within  the  diffuser  duct,  a  dif¬ 
fuser  insert  (13.  5  ft  in  diameter  by  30  ft  in  length)  at  the  inlet  to  the 
diffuser  duct,  and  a  gaseous  nitrogen  annular  ejector  above  the  diffuser 
insert.  The  diffuser  insert  was  provided  for  dynamic  pressure  recovery 
of  the  engine  exhaust  gases  and  to  maintain  engine  ambient  pressure  alti¬ 
tude  (attained  by  the  steam  ejector)  during  the  engine  firing.  The  annular 
ejector  was  provided  to  suppress  steam  recirculation  into  the  test  cap¬ 
sule  during  steam  ejector  shutdown.  The  test  cell  was  also  equipped 
with  (1)  a  gaseous  nitrogen  purge  system  for  continuously  inerting  the 
normal  air  in-leakage  of  the  cell;  (2)  a  gaseous  nitrogen  repressuriza¬ 
tion  system  for  raising  test  cell  pressure,  after  engine  cutoff,  to  a  level 
equal  to  spray  chamber  pressure  and  for  rapid  emergency  inerting  of 
the  capsule;  and  (3)  a  spray  chamber  liquid  nitrogen  supply  and  distribu¬ 
tion  manifold  for  initially  inerting  the  spray  chamber  and  exhaust  duct¬ 
ing  and  for  increasing  the  molecular  weight  of  the  hydrogen -rich  exhaust 
products. 

An  engine  component  conditioning  system  was  provided  for  tem¬ 
perature  conditioning  engine  components.  The  conditioning  system 
utilized  a  liquid  hydrogen -helium  heat  exchanger  to  provide  cold  helium 
gas  for  component  conditioning.  Engine  components  requiring  tempera¬ 
ture  conditioning  were  the  thrust  chamber,  crossover  duct,  pneumatic 
regulator,  and  main  oxidizer  valve  closing  control  line  and  second-stage 
actuator.  Helium  was  routed  internally  through  the  crossover  duct  and 
tubular-walled  thrust  chamber  and  externally  over  the  pneumatic  regu¬ 
lator  and  main  oxidizer  valve  closing  control  line  and  second-stage 
actuator. 

2.3  INSTRUMENTATION 

Instrumentation  systems  were  provided  to  measure  engine,  stage, 
and  facility  parameters.  The  engine  instrumentation  was  comprised  of 
(1)  flight  instrumentation  for  the  measurement  of  critical  engine  param¬ 
eters  and  (2)  facility  instrumentation  which  was  provided  to  verify  the 
flight  instrumentation  and  to  measure  additional  engine  parameters.  The 
flight  instrumentation  was  provided  and  calibrated  by  the  engine  manu¬ 
facturer;  facility  instrumentation  was  initially  calibrated  and  periodically 
recalibrated  at  AEDC.  Appendix  III  contains  a  list  of  all  measured  test 
parameters  and  the  locations  of  selected  sensing  points. 
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Pressure  measurements  were  made  using  strain-gage-type  pres¬ 
sure  transducers.  Temperature  measurements  were  made  using 
resistance  temperature  transducers  and  thermocouples.  Oxidizer  and 
fuel  turbopump  shaft  speeds  were  sensed  by  magnetic  pickup.  Fuel  and 
oxidizer  flow  rates  to  the  engine  were  measured  by  turbine-type  flow¬ 
meters  which  are  an  integral  part  of  the  engine.  The  propellant  recir¬ 
culation  flow  rates  were  also  monitored  with  turbine-type  flowmeters. 
Engine  side  loads  were  measured  with  dual-bridge,  strain -gage -type 
load  cells  which  were  laboratory  calibrated  before  installation.  Vibra¬ 
tions  were  measured  by  accelerometers  mounted  on  the  oxidizer  injector 
dome  and  on  the  turbopumps.  Primary  engine  and  stage  valves  were  in¬ 
strumented  with  linear  potentiometers  and  limit  switches. 

The  data  acquisition  systems  were  calibrated  by  (1)  precision  elec¬ 
trical  shunt  resistance  substitution  for  the  pressure  transducers,  load 
cells,  and  resistance  temperature  transducer  units;  (2)  voltage  substi¬ 
tution  for  the  thermocouples;  (3)  frequency  substitution  for  shaft  speeds 
and  flowmeters;  and  (4)  frequency-voltage  substitution  for  accelerometers. 

The  types  of  data  acquisition  and  recording  systems  used  during  this 
test  period  were  (1)  a  multiple -input  digital  data  acquisition  system 
( MicroS ADIC®)  scanning  each  parameter  at  40  samples  per  second  and 
recording  on  magnetic  tape,  (2)  single-input,  continuous -recording  FM 
systems  recording  on  magnetic  tape,  (3)  photographically  recording 
galvanometer  oscillographs,  (4)  direct-inking,  null-balance  potentiometer  - 
type  X-Y  plotters  and  strip  charts,  and  (5)  optical  data  recorders.  Appli¬ 
cable  systems  were  calibrated  before  each  test  (atmospheric  and  altitude 
calibrations).  Television  cameras,  in  conjunction  with  video  tape  re¬ 
corders,  were  used  to  provide  visual  coverage  during  an  engine  firing, 
as  well  as  for  replay  capability  for  immediate  examination  of  unexpected 
events . 


2.4  CONTROLS 

Control  of  the  J-2  engine,  battleship  stage,  and  test  cell  systems 
during  the  terminal  countdown  was  provided  from  the  test  cell  control 
room.  A  facility  control  logic  network  was  provided  to  interconnect  the 
engine  control  system,  major  stage  systems,  the  engine  safety  cutoff 
system,  the  observer  cutoff  circuits,  and  the  countdown  sequencer.  A 
schematic  of  the  engine  start  control  Logic  is  presented  in  Fig.  6.  The 
sequence  of  engine  events  for  a  normal  start  and  shutdown  is  presented 
in  Figs.  7a  and  b.  Two  control  logics  for  sequencing  the  stage  pre¬ 
valves  and  recirculation  systems  with  engine  start  for  simulating  engine 
flight  start  sequences  are  presented  in  Figs.  7c  and  d. 
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SECTION  III 
PROCEDURE 


Pre-operational  procedures  were  begun  several  hours  before  the 
test  period.  All  consumable  storage  systems  were  replenished,  and 
engine  inspections,  leak  checks,  and  drying  procedures  were  conducted. 
Propellant  tank  pressurants  and  engine  pneumatic  and  purge  gas  samples 
were  taken  to  ensure  that  specification  requirements  were  met.  Chemi¬ 
cal  analysis  of  propellants  was  provided  by  the  propellant  suppliers. 
Facility  sequence,  engine  sequence,  and  engine  abort  checks  were  con¬ 
ducted  within  a  24 -hr  time  period  before  an  engine  firing  to  verify  the 
proper  sequence  of  events.  Facility  and  engine  sequence  checks  con¬ 
sisted  of  verifying  the  timing  of  valves  and  events  to  be  within  specified 
limits;  the  abort  checks  consisted  of  electrically  simulating  engine  mal¬ 
functions  to  verify  the  occurrence  of  an  automatic  engine  cutoff  signal. 

A  final  engine  sequence  check  was  conducted  immediately  preceding  the 
test  period. 

Oxidizer  dome,  gas  generator  oxidizer  injector,  and  thrust  chamber 
jacket  purges  were  initiated  before  evacuating  the  test  cell.  After  com¬ 
pletion  of  instrumentation  calibrations  at  atmospheric  conditions,  the  test 
cell  was  evacuated  to  approximately  0.  5  psia  with  the  exhaust  machinery, 
and  instrumentation  calibrations  at  altitude  conditions  were  conducted. 
Immediately  before  loading  propellants  on  board  the  vehicle,  the  cell  and 
exhaust-ducting  atmosphere  was  inerted.  At  this  same  time,  the  cell 
nitrogen  purge  was  initiated  for  the  duration  of  the  test  period,  except 
for  the  engine  firing.  The  vehicle  propellant  tanks  were  then  loaded, 
and  the  remainder  of  the  terminal  countdown  was  conducted.  Tempera¬ 
ture  conditioning  of  the  various  engine  components  was  accomplished 
as  required,  using  the  facility -supplied  engine  component  conditioning 
system.  Engine  components  which  required  temperature  conditioning 
were  the  thrust  chamber,  the  crossover  duct,  pneumatic  regulator, 
main  oxidizer  valve  closing  control  line,  and  main  oxidizer  valve 
second-stage  actuator.  Table  V  presents  the  engine  purges  and 
thermal  conditioning  operations  during  the  terminal  countdown  and 
immediately  following  the  engine  firing. 
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SECTION  IV 

RESULTS  AND  DISCUSSION 


4.1  TEST  SUMMARY 


Four  firings  of  the  J-2  rocket  engine  were  conducted  on  July  6  and  7, 
1967,  during  test  period  J4- 1801-01  to  investigate  the  J-2  engine 
S-II/S-V  gas  generator  ignition  characteristics.  These  firings  com¬ 
pleted  the  first  series  of  S-II  start  transient  investigation  testing  at 
AEDC  (Ref.  2).  Testing  was  accomplished  at  pressure  aLtitudes  ranging 
from  97,  000  to  108,  000  ft  at  engine  start  and  with  predicted  S-II 
interstage /engine  temperature  conditions  as  the  targets  for  conditioning 
engine  components.  Each  engine  firing  was  preceded  by  a  1-sec  fuel  lead. 

User  test  requirements  requesting  temperature  conditioning  of  the 
turbine  crossover  duct,  pneumatic  regulator,  main  oxidizer  valve  second- 
stage  actuator,  and  main  oxidizer  valve  closing  control  line  within  speci¬ 
fied  limits  for  30  min  before  the  engine  firing  were  not  completely 
attained  because  of  inadequate  control  of  the  conditioning  systems. 

Table  VI  presents  the  conditioning  targets  for  the  engine  components  and 
the  measured  test  conditions  at  engine  start. 


Specific  test  objectives  and  a  brief  summary  of  the  results  are  as 
follows : 


Firing  Test  Objectives 

01A  To  investigate  gas  generator 
ignition  characteristics  for 
S-II  worst -case  gas  gener¬ 
ator  second  peak  tempera¬ 
ture  conditions  and  to  verify 
nominal  engine  performance 


01B  To  determine  the  effect  of 

thrust  chamber  temperature 
on  S-II  gas  generator  igni¬ 
tion  characteristics  by 
comparing  the  test  results 
with  firing  01A 


Results 

Main  oxidizer  valve  component 
temperatures  were  colder  than 
the  conditioning  targets.  A  gas 
generator  second  peak  tempera¬ 
ture  did  not  occur;  an  initial 
peak  temperature  of  2170°F  was 
recorded.  Calculated  engine 
thrust  was  2.  62  percent  higher 
than  rated  thrust. 

Engine  conditioning  compared 
closely  with  that  for  firing  01A, 
except  for  a  90°F  colder  thrust 
chamber.  The  initial  peak  tem¬ 
perature  was  1950°F.  Inadequate 
fuel  quantity  to  sustain  gas 
generator  combustion  appeared 
to  exist  for  93  msec  immediately 
after  ignition. 
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Firing  Test  Objectives 

01C  To  determine  the  effect  of 
crossover  duct  temperature 
on  S-1I  gas  generator  igni¬ 
tion  characteristics  by  com¬ 
paring  the  test  results  with 
firing  01B 


01D  To  investigate  gas  generator 
ignition  characteristics  for 
S-II  worst-case  gas  gener¬ 
ator  second  peak  tempera¬ 
ture  conditions 


Results 

Engine  conditioning  compared 
closely  with  that  for  firing 
01B,  except  for  a  60°  F  colder 
crossover  duct.  The  initial 
peak  temperature  was  2000°F. 
Inadequate  fuel  quantity  to  sus¬ 
tain  gas  generator  combustion 
appeared  to  exist  for  87  msec 
immediately  after  ignition. 

Engine  conditioning  compared 
closely  with  the  target  tem¬ 
peratures,  except  main  oxidizer 
valve  second-stage  actuator, 
which  was  13°F  warm.  A  gas 
generator  second  peak  tem¬ 
perature  of  1550°F  was  recorded; 
the  initial  peak  temperature  was 
1990&F. 


The-presentation  of  the  test  results  in  the  following  sections  will 
consist  of  a  discussion  of  each  engine  firing  with  pertinent  comparisons. 
The  data  presented  will  be  those  recorded  on  the  digital  data  acquisition 
system,  except  as  noted. 


4.2  TEST  RESULTS 
4.2.1  Firing  J4-1801-01A 

The  programmed  30-sec  engine  firing  was  successfully  accomplished. 
Test  conditions  at  engine  start  are  presented  in  Table  VI.  Engine  start 
and  shutdown  transients  are  shov/n  in  Fig.  8.  Table  VII  presents  selected 
engine  valve  operating  times  for  start  and  shutdown.  Engine  ambient 
pressure  altitude  at  engine  start  was  97,  000  ft.  Figure  9  presents  engine 
ambient  pressure  and  combustion  chamber  pressure  for  the  firing  dura¬ 
tion.  Combustion  chamber  pressure  reflects  the  propellant  utilization 
valve  excursion  at  about  tg  +  10  sec,  which  changed  the  engine  mixture 
ratio  from  5.  0  to  5.  5.  The  increase  in  cell  pressure  during  the  firing 
to  0.  412  psia  (80,  000  ft)  resulted  from  excessive  secondary  fLow, 
caused  by  a  leaking  facility  gaseous  nitrogen  annular  ejector  supply  valve. 

Thermal  conditioning  history  of  selected  engine  components  is  shown 
in  Fig.  10.  The  rapid  chilling  of  the  main  oxidizer  valve  closing  control 
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line  and  the  second -stage  actuator,  beginning  at  about  tg  -  60  sec,  re¬ 
sulted  from  additional  chilled  helium,  which  was  diverted  from  the 
terminated  thrust  chamber  chill.  The  main  oxidizer  valve  component 
temperatures  colder  than  the  specified  conditioning  limits  would  tend 
normally  to  produce  a  higher  gas  generator  second  peak  temperature. 

For  all  subsequent  engine  firings,  all  thermal  conditioning  systems  were 
terminated  at  approximately  to  -  60  sec. 

The  gas  generator  ignition  characteristics  for  S-II  worst-case  gas 
generator  second  peak  temperature  conditions  are  shown  in  Fig.  11. 
Ignition  occurred  at  tQ  +  0.  G56  sec,  beginning  engine  bootstrap  opera¬ 
tion,  and  was  characterized  with  the  absence  of  gas  generator  fuel  sys¬ 
tem  backflow,  which  was  prevalent  during  previous  S-II  testing  at  AEDC. 
A  gas  generator  second  peak  temperature  was  not  experienced  because 
the  main  oxidizer  valve  movement  from  the  plateau  position,  beginning 
at  tg  +  0.  988  sec,  occurred  before  engine  conditions  could  be  developed 
which  wrould  produce  the  second  peak  temperature.  The  gas  generator 
initial  peak  temperature  was  2170°F.  Thrust  chamber  ignition,  which 
produces  the  engine  conditions  for  terminating  the  temperature  peak, 
occurred  at  tg  +  0. 965  sec. 

An  abnormally  high  gas  generator  peak  temperature  of  2100°F 
occurred  during  shutdown  (Fig.  12).  The  closing  of  the  gas  generator 
propellant  control  valve  appeared  nominal.  The  high  temperature  peak 
was  attributed  to  a  leaking  gas  generator  oxidizer  purge  check  valve. 

The  valve  apparently  leaked  oxidizer  into  the  purge  system  during  the 
firing  and  expelled  it  into  the  chamber  immediately  after  shutdown  during 
the  normal  purging  operations. 

The  fuel  pump  start  transient  performance  is  presented  in  Fig.  13. 
Transient  fuel  pump  head/flow  data  compared  conservatively  with  the 
pump  stall  inception  data. 

Vibration,  in  excess  of  150  g  in  the  960-  to  6000-Hz  frequency  range, 
was  encountered  for  120  msec  beginning  at  tg  +  0.  969. 

Engine  steady-state  performance  data  are  presented  in  Table  VIII. 
The  data  presented  were  for  a  1-sec  data  average  from  29  to  30  sec  and 
were  computed  using  the  Rocketdyne  PAST  640,  modification  zero,  per¬ 
formance  computer  program.  Engine  test  measurements  required  by 
the  program  and  the  program  computations  are  presented  in  Appendix  IV. 
Engine  performance  for  this  test  was  higher  than  nominal.  Calculated 
engine  thrust,  corrected  for  vacuum  conditions,  was  230,  900  Ibf,  which 
is  2.  6  2  percent  higher  than  rated  thrust.  Normalized  performance  data 
revealed  that  the  gas  generator  fuel  supply  orifice  was  slightly  oversize 
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and  that  the  orifice  in  the  oxidizer  turbine  bypass  nozzle  was  slightLy 
undersize. 

4.2.2  Firing  J4-1801-01B 

The  engine  firing  was  successfully  accomplished  for  the  programmed 
5 -sec  duration.  Test  conditions  at  engine  start  are  presented  in  Table  VI. 
Figure  14  presents  the  engine  start  and  shutdown  transients.  Selected 
engine  valve  operating  times  for  start  and  shutdown  are  presented  in 
Table  VII.  Engine  ambient  pressure  altitude  at  engine  start  was 
106,  000  ft  with  an  average  pressure  altitude  of  97,  000  ft  during  engine 
main-stage  operation.  Engine  ambient  pressure  and  combustion  cham¬ 
ber  pressure  for  the  firing  duration  are  presented  in  Fig.  15. 

Thermal  conditioning  history  of  selected  engine  components  is  shown 
in  Fig.  16.  Engine  component  conditioning  for  this  firing  compared  suffi¬ 
ciently  close  to  the  firing  01A  conditioning  to  permit  determination  of  the 
influence  of  the  variable,  thrust  chamber  temperature.  Thrust  chamber 
throat  temperature  for  firing  01B  was  -25  7C>F  as  compared  to  -163°F  for 
firing  01A. 

The  gas  generator  ignition  characteristics  are  presented  in  Fig.  17. 
Ignition  occurred  at  to  +  0.  644  sec.  Fuel  for  ignition  was  gaseous 
hydrogen  from  the  start  tank  discharge,  since  gas  generator  fuel  in¬ 
jector  pressure  (reflecting  start  tank  discharge)  was  approximately 
40  psia  higher  than  fuel  pump  discharge  pressure  (Fig,  18).  As  a  result, 
reverse  flow  from  the  gas  generator  into  the  fuel  system  occurred 
throughout  the  time  period  from  fuel  poppet  valve  opening  until  after  igni¬ 
tion.  Immediately  after  ignition,  the  flame  was  apparently  extinguished 
for  approximately  93  msec  because  of  inadequate  fuel  quantity  to  sustain 
combustion,  This  is  evident  by  the  decay  of  gas  generator  fuel  injector 
pressure  and  chamber  pressure. 

Comparison  of  gas  generator  ignition  for  firings  01A  and  01B 
(Fig.  17)  reveals  that  the  gas  generator  ignition  anomaly  on  firing  01B 
displaced  the  gas  generator  transient  temperature  by  about  50  msec. 

The  initial  temperature  peak  recorded  for  firing  01B  was  1950°F,  as 
compared  with  2170&F  for  firing  01A.  A  second  peak  temperature  was 
not  experienced  on  either  firing  because  the  main  oxidizer  valve  move¬ 
ment  from  the  plateau  position,  beginning  at  to  +  1  sec  (Table  VI), 
occurred  before  engine  conditions  could  be  developed  which  would  pro¬ 
duce  the  second  peak  temperature. 

The  effect  of  the  colder  thrust  chamber  for  firing  01B  was  a  lower 
gas  generator  energy  during  the  bootstrap  transient  period.  This 
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condition,  along  with  the  gas  generator  ignition  anomaly,  resulted  in 
firing  01E  having  a  lower  spin  speed  of  the  turbines  and  lower  propel¬ 
lant  pump  discharge  pressures  than  did  firing  OlA.  Therefore,  a  longer 
time  was  required  for  thrust  chamber  ignition  (defined  as  the  time  that 
combustion  chamber  pressure  attains  100  psia)  and  for  combustion 
chamber  pressure  to  attain  main-stage  operation  (indicated  in  Table  VI 
by  the  time  required  for  combustion  chamber  pressure  to  attain  550  psia). 
The  effect  of  thrust  chamber  temperature  on  the  gas  generator  initial 
peak  temperature  cannot  be  meaningfully  established  by  comparing 
firings  OlA  and  01B  because  of  the  gas  generator  ignition  anomaly  on 
firing  01B, 

The  gas  generator  shutdown  for  firing  01B  was  nominal,  as  shown 
in  Fig.  19.  A  fuel-rich  environment  at  shutdown  caused  the  momentary 
drop  in  temperature;  probe  and  hardware  cooling  is  reflected  there¬ 
after. 

Transient  fuel  pump  head/flow  data,  as  compared  to  the  pump  stall 
inception  data,  are  presented  in  Fig.  20.  Firing  01B  data  more  nearly 
approached  a  high  level  stall  than  did  firing  OlA,  although  a  conserva¬ 
tive  stall  margin  existed  for  both  firings. 

Vibration,  in  excess  of  150  g  in  the  960-  to  6000-Hz  frequency 
x'ange,  was  experienced  for  13  msec  beginning  at  tg  +  0,999  sec. 

4.2.3  Firing  J4.180U01C 


The  programmed  5 -sec  engine  firing  was  successfully  accomplished. 
Test  conditions  at  engine  start  are  presented  in  Table  VI.  Figure  21 
show's  the  engine  start  and  shutdown  transients.  Table  VII  presents 
selected  engine  valve  operating  times  for  start  and  shutdown.  Engine 
ambient  pressur  e  altitude  at  engine  start  was  108,  000  ft  with  an  average 
pressure  altitude  at  99,  000  ft  during  engine  main-stage  operation. 

Engine  ambient  pressure  and  combustion  chamber  pressure  for  the  firing 
duration  are  presented  in  Fig.  22. 

Thermal  conditioning  history  of  selected  engine  components  is  shown 
in  Fig.  23.  Engine  component  conditioning  for  this  firing  compared 
sufficiently  close  to  that  of  firing  01B  to  permit  determination  of  the  influ¬ 
ence  of  the  variable,  crossover  duct  temperature.  The  crossover  duct 
temperature  was  approximately  60°F  colder  along  the  length  of  the  duct 
for  firing  01C  than  for  firing  01B. 

The  gas  generator  ignition  characteristics  are  presented  in  Fig.  24. 
Ignition  occurred  at  to  +  0.  659  sec.  Fuel  for  ignition  was  gaseous  hydrogen 
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from  the  start  tank  discharge  since  the  gas  generator  fuel  injector  pres¬ 
sure  (reflecting  start  tank  discharge)  was  approximately  45  psia  higher 
than  the  fuel  pump  discharge  pressure  (Fig.  18).  As  a  result,  reverse 
flow  from  the  gas  generator  into  the  fuel  system  occurred  throughout  the 
time  period  from  fuel  poppet  valve  opening  until  after  ignition.  Analog 
data  indicated  that  the  oxidizer  poppet  valve  was  allowed  to  travel  in  a 
closing  direction  during  ignition.  Immediately  after  ignition  the  flame 
was  apparently  extinguished  for  approximately  87  msec  because  of  in¬ 
adequate  fuel  quantity  to  sustain  combustion.  This  is  evident  by  the 
decay  of  gas  generator  fuel  injector  pressure  and  chamber  pressure. 

The  gas  generator  initial  peak  temperature  recorded  was  2010°F; 
again  no  second  peak  temperature  was  experienced  because  the  main 
oxidizer  valve  movement  from  the  plateau  position,  beginning  at 
tg  +  1.  007  sec,  occurred  before  engine  conditions  could  be  developed 
which  wrould  produce  the  second  peak  temperature. 

Figure  24  shows  a  comparison  of  the  gas  generator  ignition  char¬ 
acteristics  for  firings  01B  and  01C.  The  effect  of  crossover  duct  tem¬ 
perature  on  the  gas  generator  initial  peak  temperature  cannot  meaning¬ 
fully  be  established  by  comparing  these  firings  because  of  the  occurrence 
of  an  ignition  anomaly  on  both  firings .  However,  from  the  data  collected, 
no  appreciable  effect  was  observed. 

The  gas  generator  shutdown  on  firing  01C  is  shown  in  Fig.  25.  The 
fuel-rich  environment  at  shutdown  caused  the  momentary  drop  in  tem¬ 
perature;  probe  and  hardware  cooling  is  reflected  thereafter. 

Transient  fuel  pump  head/flow  data  comparison  with  the  pump  stall 
inception  data  is  presented  in  Fig.  26,  A  conservative  pump  stall 
margin  was  maintained  throughout  the  engine  start  transient. 

Engine  vibration  in  excess  of  150  g  in  the  960-  to  6000-Hz  fre¬ 
quency  range  was  recorded  for  149  msec. 

4.2.4  Test  J4-1801-01D 

This  was  a  successful  engine  firing  for  a  5.  072-sec  duration.  The 
pressure  altitude  at  engine  start  was  108,  000  ft  with  an  average  altitude 
of  102,  000  ft  during  engine  main-stage  operation.  Ambient  engine  pres¬ 
sure  and  combustion  chamber  pressure  during  the  firing  are  shown  in 
Fig.  27.  The  engine  start  and  shutdown  transients  are  shown  in  Fig.  28, 
Selected  engine  valve  operating  times  for  start  and  shutdown  are  pre¬ 
sented  in  Table  VII. 
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Before  engine  start,  engine  components  were  thermally  conditioned. 
Temperature  histories  of  these  components  are  shown  in  Fig.  29.  Test 
conditions  at  engine  start  are  presented  in  Table  VI.  Comparing  com¬ 
ponent  temperature  conditions  at  engine  start  for  firings  0  1A  and  01D, 
thrust  chamber  temperature  averaged  approximately  40° F  colder  for 
firing  01D,  and  the  main  oxidizer  valve  components  averaged  approxi¬ 
mately  50°F  colder  for  firing  01D. 

The  gas  generator  start  transient  characteristics  are  shown  in 
Fig.  30.  Ignition  occurred  at  tQ  +  0.  642  sec.  Fuel  for  ignition  was 
gaseous  hydrogen  from  the  start  tank  discharge,  since  the  gas  gener¬ 
ator  fuel  injector  pressure  was  approximately  10  psia  higher  than  the 
fuel  pump  discharge  pressure  at  ignition  (Fig.  18).  Analog  data  during 
gas  generator  ignition  show  that  the  oxidizer  poppet  valve  was  momen¬ 
tarily  allowed  to  travel  in  a  closing  direction.  Gas  generator  ignition 
was  followed  immediately  by  an  apparent  low  energy  combustion  from 
tQ  +  0.  6  74  sec  to  tQ  -t  0.  697  sec.  The  gas  generator  initial  peak  tem¬ 
perature  was  1990°F;  a  second  peak  temperature  of  1547°F  was  recorded. 
The  main  oxidizer  valve  moved  from  its  14-deg  position  at  to  +  0.984  sec 
but  did  not  continue  to  ramp  open  until  tQ  -t-  1.  29  sec.  This,  coupled  with 
a  lower  buildup  rate  of  the  fuel  pump  discharge  pressure  as  a  result  of  a 
colder  thrust  chamber  for  firing  01D  than  for  firing  01A,  resulted  in  an 
increase  in  the  gas  generator  mixture  ratio  and  subsequently  the  second 
peak  temperature  on  firing  01D.  Gas  generator  shutdown  for  firing  01D 
was  nominal,  as  shown  in  Fig.  31. 

Transient  fuel  pump  head/flow  data  compared  with  the  pump  stall  in¬ 
ception  data  are  presented  in  Fig.  32.  The  head/flow  data  for  this  firing 
more  nearly  approached  a  low  level  pump  stall  than  did  firings  01A,  01B, 
and  01C;  however,  a  conservative  stall  margin  was  maintained. 

Engine  vibration  in  excess  of  150  g  in  the  frequency  range  from  960 
to  9000  Hz  was  experienced  for  168  msec  beginning  at  1q  +  0.  946  sec. 


4.3  POST-TEST  INSPECTION 

The  post-test  visual  inspection  of  the  J-2  engine  showed  that  the 
gas  generator  temperature  probe  was  eroded.  In  addition,  engine  leak 
checks  revealed  that  the  gas  generator  oxidizer  purge  check  valve  was 
leaking.  Replacement  components  were  subsequently  installed.  No 
other  engine  irregularities  were  observed. 
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SECTION  Y 

SUMMARY  OF  RESULTS 


The  results  of  the  four  firings  of  the  Rocketdyne  J-2  rocket  engine 
conducted  on  July  6  and  7,  1967,  in  Test  Cell  J-4  are  summarized  as 
follows : 

1.  Adequate  engine"  component  conditioning  wras  realized  for  all 
engine  firings  to  permit  an  evaluation  of  the  influence  that  the 
engine  conditions  under  consideration  had  on  gas  generator 
ignition  characteristics. 

2.  The  specified  engine  component  conditioning  targets  for  firings 
01A  and  01D  were  for  a  worst-case  gas  generator  second  peak 
temperature.  No  significant  gas  generator  second  peak  tem¬ 
perature  was  recorded  on  these  firings,  indicating  that  a 
second  peak  temperature  problem  does  not  exist  for  the  J-2 
engine /S -II  stage  application, 

3.  At  the  coldest  thrust  chamber  temperature  predicted  for  the 
J-2  engine/S-II  stage  application  (-2G0°F),  the  gas  generator 
start  transient  was  characterized  by  apparent  inadequate  fuel 
quantity  to  sustain  gas  generator  combustion  for  approximately 
90  msec  immediately  after  ignition.  However,  no  adverse 
effect  was  observed  on  the  engine  start  transient. 

4.  The  initial  gas  generator  peak  temperature  ranged  from  1950 
to  2170°F. 

5.  An  abnormally  high  gas  generator  temperature  of  2100°F 
occurred  during  shutdown  on  firing  01A  as  a  result  of  leaking 
oxidizer  purge  check  valve. 

6.  Calculated  engine  thrust  was  2.  62  percent  higher  than  engine 
rated  thrust, 

7.  Vibration  in  excess  of  150  g  in  the  960-  to  9000-Hz  frequency 
range  occurred  on  all  firings  with  durations  ranging  from  13  to 
168  msec. 

8.  Comparison  of  the  transient  fuel  pump  head /flow  data  with  the 
pump  stall  inception  data  indicated  that  a  conservative  stall 
margin  was  maintained  for  all  firings. 

9.  Engine  ambient  pressure  altitude  at  engine  start  ranged  from 
97,  000  to  108,  000  ft. 
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Fig.  1  Test  Cell  J-4  Complex 
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Fig.  8  Engine  Transient  Operation,  Firing  01A 
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Fig.  10  Thermal  Conditioning  History  of  Engine  Components,  Firing  OlA 
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Fig.  11  Gas  Generator  Start  Transient,  Firing  OlA 
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Fig.  12  Gas  Generator  Shutdown  Transient,  Firing  OlA 
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Fig.  13  Fuel  Pump  Start  Transient  Performance,  Firing  OlA 
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Fig.  14  Engine  Transient  Operation,  Firing  01B 
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Fig.  15  Engine  Ambient  and  Combustion  Chamber  Pressures,  Firing  01  B 
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Fig.  17  Gas  Generator  Start  Transient,  Comparison  af  Firings  OlA  and  OlB 
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Fig.  18  Gas  Generator  System  Differential  Pressures 
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Fig.  20  Fuel  Pump  Start  Transient  Performance,  Firing  OlB 
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b.  Thrust  Chamber  Oxidizer  System,  Start 
Fig.  21  Engine  Transient  Operation,  Firing  01C 
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Fig.  22  Engine  Ambient  and  Combustion  Chamber  Pressures,  Firing  QIC 
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Fig.  23  Thermo!  Conditioning  History  of  Engine  Components,  Firing  OlC 
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Fig.  24  Gas  Generator  Start  Transient,  Comparison  of  Firings  01B  and  01C 
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Fig.  25  Gas  Generator  Shutdown  Transient,  Firing  01C 
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Fig,  26  Fuel  Pump  Start  Transient  Performance,  Firing  01C 
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Fig.  27  Engine  Ambient  and  Combustion  Chomber  Pressures,  Firing  01D 
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Fig.  28  Engine  Transient  Operation,  Firing  OlD 
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d.  Thrust  Chamber  Oxidizer  System,  Shutdown 
Fig  28  Concluded 
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TABLE  I 

MAJOR  ENGINE  COMPONENTS 


Part  Name 

P/N 

S/N 

Thrust  Chamber  Body 

206600-31 

4076553 

Thrust  Chamber  Injector  Assembly 

208021-11 

4084917 

Fuel  Turbopump  Assembly 

459000-161 

4062324 

Oxidizer  Turbopump  Assembly 

458175-71 

6623549 

Start  T ank 

303439 

0064 

Augmented  Spark  Igniter 

200280-21 

3661349 

Gas  Generator  Fuel  Injector  and  Combustor 

308360-11 

2008734 

Pneumatic  Control  Assembly 

556947 

4079720 

Electrical  Control  Package 

502670-11 

4081748 

Primary  Flight  Instrumentation  Package 

703685 

4078716 

Auxiliary  Flight  Instrumentation  Package 

703680 

4078718 

Main  Fuel  Valve 

409120 

4056924 

Main  Oxidizer  Valve 

409969 

4072594 

Gas  Generator  Control  Valve 

309040 

4078714 

Start  Tank  Discharge  Valve 

306875 

4079062 

Oxidizer  Turbine  Bypass  Valve 

409940 

4048489 

Propellant  Utilization  Valve 

251351-11 

4068944 

Main -St  age  Control  Valve 

558069 

8313568 

Ignition  Phase  Control  Valve 

558069 

8275775 

Helium  Control  Valve 

106012000 

342270 

Start  Tank  Vent  and  Relief  Valve 

557828-X2 

4046446 

Helium  Tank  Vent  Valve 

106012000 

342277 

Fuel  Bleed  Valve 

309034 

4077749 

Oxidizer  Bleed  Valve 

309029 

4077746 

Augmented  Spark  Igniter  Oxidizer  Valve 

308880 

4077205 

P/A  Purge  Control  Valve 

557823 

4073021 

Start  Tank  Fill/RefilL  Valve 

558000 

4079001 

) 

Fuel  Flowmeter 

251225 

4077752 

Oxidizer  Flowmeter 

251216 

4074114 

Fuel  Injector  Temperature  Transducer 

KA5-27441 

12401 

Restartable  Ignition  Detect  Probe 

XEOR915389 

211 

60 


TABLE  II 

SUMMARY  OF  ENGINE  ORIFICES 


Orifice  Name 

Part  Number 

Diameter,  in* 

Date  Effective 

Comments 

Gas  Generator  Fuel 

Supply  Line 

RD273-4107 

0.  472 

May  15,  1967 

Accomplished  to  raise  engine 
performance  to  model  specifications 

Gas  Generator  Oxidizer 
Supply  Line 

RD251-4106 

0.  276 

April  28,  1967 

Necessitated  by  fuel  turbopump 
replacement 

Oxidizer  Turbine  Bypass 
Valve  Nozzle 

RD273-8002 

1.  300 

May  17,  1967 

Accomplished  to  raise  engine 
performance  to  model  specifications 

Oxidizer  Turbine  Exhaust 
Manifold 

RD251-90D4 

9*  99 

January  18,  1966 

Installed  on  engine  before  shipment 
to  AEDC 

Main  Oxidizer  Valve  Closing 
Control  Line 

410437 

0.  26 

May  22,  1967 

Accomplished  to  change  main  oxidizer 
valve  second-stage  opening  time  from 

1350  t  “to  1430 

Augmented  Spark  Igniter 
Oxidizer  Supply  Line 

406361 

_ 1 

0.  150 

April  7,  1967 

Sized  per  S-H  specifications 

oo 
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TABLE  III 

ENGINE  MODIFICATIONS  (BETWEEN  TESTS  J4-1554-30 
AND  J4-1801-01) 


Modification 

Number 

Completion  Date 

Description  of  Modification 

RFD-44-67 

June  1,  196  7 

Addition  of  Oxidizer  Bootstrap 

Line  Thermocouples 

RFD-45-67 

June  IB,  1967 

Removed  Thermocouples  Installed 
per  ECP's  J2-495  and  J2-564  on  Engine 

RFD-39-67 

June  16,  1967 

Installation  of  Thrust  Chamber 
Thermocouples 

1 

RFD-46-6  7  1 

1 

June  20,  1967 

1  - -  "  “  ----- 

Start  Tank  Discharge  Valve  Opening 
and  Closing  Control  Port  Thermocouples 
Installed 

RFD-47-67 

June  23,  1967 

Addition  of  Engine  Conditioning  System 
Screen  Manifolds 

#RFD  -  Rocketdyne  Field  Directive 
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TABLE  IV 

ENGINE  COMPONENT  REPLACEMENTS 
(BETWEEN  TESTS  J4-1554-30  AND  J4-180I-01) 


Replacement 

Completion  Date 

Component  Replaced 

UCR-007948 

UCR-007939 

UCR-007939 

UCR-007948 

May  25,  1967 

May  25,  1967 

May  25,  1967 

May  25,  1967 

Fuel  Turbopump  Assembly 

Gas  Generator  Control  Valve 

Gas  Generator  Outlet  Temperature  Transducer 

Fuel  Turbine  Inlet  Temperature  Transducer 

1 

*UCR  -  Unsatisfactory  Condition  Report 


TABLE  V 

ENGINE  PURGE  AND  COMPONENT  CONDITIONING  SEQUENCE 


Turhopump  And  Gm 
CVneraioi*  Purge 
(Purge  Manifold 
Syutein) 


Helium  82  12;  pt  ia 

60  -  2DCTF 
(Nominal)  fc  aclm 
at  Customer  Conn  eel 


Oxidizer  Dome  ami 
Gaa  Generator  Liquid 
Oxygeu  Injector 
(Engine  Pneumatic 
Syetcm) 


Nitrogen,  400  ±  25  pmlg 
50  -  2n<TF 

(Mblinum)  230  arfm 


Oxldizei  Dujii* 

(  Facility  LUm  to 
Pori  C03A) 


Nitrogen.  400  460  paig 

100  -  200*  F 
(Nominal)  200  a c Trn 


Oxidizer  Tujbopump 
Intermediate  .Sent 
Cavity  (Fngtne 
Pneumatic  Sy»tem) 


fleltum,  400  *  25  p*l£ 
Ambient 

Temperature 
26CW  -  7000  flefm 


Helium,  40-13  pfdg 
50  -  J00*F 
{Nomjnall  60  8Cfm 


Thruat  Chamber 
Jarket 

(Customer  Connect) 
Tancl 


(Nominal)  10  ietm 


Thruet  Chamber 

Tcmperatura 

Conditioning 


Helium,  1000  l>»l£ 

3CKTF  U*  Arobiem 
10  •  20  lLm  / tn. i : 


Pump  Inlet 
Preaaure  and 
Temperatore 
Conditioning 


36  to  48  pa  La 
-298  to  -28D-F 
2t  to  40  pel a 
-424  to  -11S*F 


Hydrogen  Start  T  ink 
and  Helium  Tank 
Prenaura  and  Tem¬ 
perature  Conditioning 


Hydrogen;  1200  to  MtHI  pata 
3 DO  to  -HtTK 

Helium;  1700  to  3250  p#i» 
300  to  -MOT 


Croaaovcr  Duct 

Temperature 

Conditioning 


Helium;  -30iFH 

tr>  Ambient 


Main  Oxidizer  Valve 
Actuator  Tempera¬ 
ture  Conditioning 


Helium;  -30CT 

to  Ambient 


Main  Oxidizer  Valve 
Cloaing  Control  Line 
fCnnrli  tinning) 


He  Hum,  -30O*F 

to  Ambient 


Pneumatic  Regulator 

Temperature 

Conditioning 


Helium;  - 300* F 

io  Ambient 


^Conditioning  temperature  to  be  maintained  Inr  the  La*t  30  min  of  pre-fire, 
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TABLE  VI 

SUMMARY  OF  TEST  REQUIREMENTS  AND  RESULTS 


r  " 

'  t  iring  Number,  J4  1601 

01A 

01B  ! 

01C 

01D 

Target  1  Actual 

Target  j  Actual 

Target  j  Actual 

Target  [  Actual 

[  Tim*  of  Day,  hr/Flrlf^  Date 

lUBJuiy  1.  1967 

1443/Jxly  6,  1931 

14 <36 /July  6  1067 

0107.' July  7,  1967 

Pittturi  AUltuI*  at  Engine  S«tr t,  (l  (Ref  1» 

SI.  033 

... 

tOi .  000  1 

|OH.  3<f 

1 0ft, fOO 

Firing  Cur 'lion,  a  *c  CD  j 

3o.o  30.  rm 

5.0 

5  0-3 

5.0 

b.  172 

5.  (1 

5.073 

KU* :  Pimp  Inlet  Crinditlarj 
*t  Engine  Sturt 

Preeaure,  pale 

*<'o 

21*.  3 

<1 

26.  1 

M0-c. 

28  5 

29.  0  1 

Tamper*  ure,  *F 

42*..  4  z  0.  4 

-420. B 

-421. 4  a  0.4 

-421.2 

•  411.4  ±0.4 

-421.6 

-421. 4  ±  0  4 

42L4 

OxidUar  Pump  Inlet  Condition* 
ai  Engine  Star! 

Preaaura,  pet* 

< 

40.  4 

*•:? 

40.  4 

< 

40.  1 

40.6 

Temperature,  T 

-285.2  s  0.4 

-  295.* 

*295. 2  »  0.4 

?t»4  7 

2S5  2  =  0.4  I  -293.lt 

•  295. 2  z  0.4 

*285.7 

atari  Tank  CooOiUuiM  at 

Engine  Start 

Preeeurn.  pala 

1300  i  10 

1307 

1300  r  10 

129  J 

1300  t  10 

I2S 

1300  ±  10 

1262 

Temperature.  *F 

-300  t  10 

-304 

loot  10 

-306 

-300  *  10 

•301 

-  300  ±  10 

-301 

Helium  Tank  Condition* 
at  Engin*  Storl 

Pre*#ur*.  pel* 

2J07 

2156 

— 

2199  f  •••  J  2539 

Temperature,  *F 

*  404 

... 

- 105 

-307  — -  -301 

Tfcruet  Chamber  Temperature 

Condition*  ,1  Eng  in;  Start,  *F 

Throal 

-150  i  15 

*183 

♦250  t  16 

-253 

-260  ±  16 

-273  -:50±15  -170 

Average 

... 

*  1 52 

-  215 

-228  ]  -••  -204 

CroMoxr  Duet  Tom  per  eta  re 
at  Engine  Start,  '?(•) 

TFTD-  2  1 

-53 

>-!o 

•67 

-  .CO  i  15 

•133 

“!n 

TFTD-3 

°*-!o 

•If 

•:!*. 

-17 

-  ICO  *  16 

60 

rrru-n 

oM5 

-10 

-22 

-35 

-100  *  15 

in* 

“’-la  " 

Main  Oxidlrer  Valve  Clotting  Ctmirol 

Luj*  Temperatur*  at  Engine  Start,  *F© 

•65  t  10 

-138 

-85  t  10 

•102 

-65  i  10 

-96 

-65  ±  10 

-61 

Main  Oxidizer  Valv«  Sacoud-Staga  Actuator 
Teirperalure  at  Engine  Start, 

•150  *  10 

•  181 

-  160  t  10 

-152 

•150  t  10 

-146 

•  150  ±  10 

-127 

Pneumatic  Control  Package  Tamp  raur* 
at  Engine  Start,  •!*© 

-85  =10  - 113 

-55  *  10 

-115 

-85  ±  to 

-109 

-85  =  10 

•fifi 

Fuel  Lead  Tuna,  aacCD 

1  11  0. 05 

I.91C 

1,0  t  U.<L 

1.  OH 

:.  C  a  >1  05 

1.  on 

1.01-1 

Propel  ant  m  Engine  Time,  min 

no 

CO 

... 

60 

7* 

112 

Propellan!  Raelrculallon  Time,  min 

10 

10 

:c 

-  »  -_j 

16 

15 

10 

Start  Sequence  Logic 

'Normal  ’ 

'  Xieaul' 

'  Nerjr.al  ' 

B  .. 

'Normal** 

i  "Normal" 

'’Normal" 

|  Qua  Generator  Oxidizer  Supply  Lina 
Temperature  at  Engine  Start,  *F 

TOB3-1 

-75. 0 

-4  4.  0 

-66.5 

... 

-14.4 

TOBS  *2 

•16.1 

-74  7 

-182.0  jj 

•68.  3 

TOBS-3 

258.7 

•248.1 

... 

-257.  1  | 

2S1.0 

Start  Tank  Discharge  Valve  Opening 

Control  Tenoparature  at  Engine  Start,  'F 

... 

•  123.1 

-105,2  1 

... 

-132.3 

80.  6 

Vibration  3aJ*ly  Count  Duration Jnaarec)  and 
Occurrence  Time  (seel  from  IqO 

120 

^<^0.  I f> c* 

U 

.✓"""i >.  999  j 

;><7 

1 40  -•-  158 

1.002  0.94  5 

Gaa  Generator  Guild 

Tenjperalur*.  *F 

1  nit.  el  Paak 

— 

2179 

1950 

2000  -  -  1090 

Second  Peak 

... 

... 

... 

16f  0 

Thrust  Chamber  Ignition  Time,  aee 
(Ref.  JC>  i  PC*  3  ■  100  p«Ui© 

... 

0.B65 

0.99  V 

... 

1.CC4 

0.662 

Main  Oxirttxer  Valve  Srcogxi -Stage  Ir.ltlel 
Movement,  aee  (Kaf.  t(j)© 

0.988 

1.002 

1,007 

...  0.984 

Main-Stage  Preaaura  No.  2,  aec  (Ref.  1q>® 

I  033 

1.744 

1.1VV 

i.r.a. 

550-pala  Chamber  Preeaurn  Attained,  aee 

IRef.  \0) 

1.913 

2.042 

... 

2.096 

1 .922 

Propellant  Utilization  Valve  PomUIoo  at 
|  fengtna  Start,  Engine  Start  'Iq  «  10  aec 

Null 

Cloart 

Null 

Cl  iand 

Nct*t;  ^  l>it»  r#duc«n  (ram  oailtlog^om 

^ f!r>mpmv-st  ccndiliflnieff  10  he  mslnalnrcJ  » 1th  In  limit*  for  laa:  It  nUn  before  mi*h*  elart, 
©CmmpoMn!  conditioning  to  bp  m  -Irlalned  *ILh Ln  lic  it*  (or  laai  30  ir-in  txfur*  engine  atari. 
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TABLE  VII 

ENGINE  VALVE  TIMINGS 


— 

_ 

Marl 

Firing 

St«rt  T»u* 

1) in cjm t  r, e  Valve 

Main 

Fuel  Valve 

M air  OvtrlDrr  Valvr 

Ftl  at  i>t»ur 

Main  OvltUier  Valve 
St-ruml  Mug* 

fim  Generator 

Fuel  Poppet 

Go*  Lic  iet  iitor 

Oild  Leer 

Pappp* 

Oviilirer  Tui  lnnr 
BypaaB  V  m  U  r 

btat  l  Tan 
Dim  harjjr  V 

‘ 

al  ve 

- i 

J4  IHiM  - 

Time 
■  if 

ripening 

Signal 

V  uivr 
Delay 
Time, 

■  *v 

Valve 

Opening 

Time. 

aat. 

T  unr 
of 

Opening 

bignul 

Valve 

Delay 

T  imt, 

ace 

Vulva 

Opening 

Time, 

1  un 
of 

Opening 

Signal 

V  *lvc 
Delay 
T  inr, 
*#c 

Valve 

Opening 

Time. 

■  v- 

T  ime 
nf 

Oj  wining 

Signal 

Valv*  Valve 
Dm  lay  Opening 
Time.  Time, 

a  cC  tec 

Tun* 

of 

t  )pemn« 

bum  oil 

VMvt 

Delay 

Time. 

sec 

Valve 

Opening 

Time, 

*er 

Turn  Vpjve  Valve 
of  Delay  Opening 

Opening  Tllili’,  Time. 

St  gnu1  in  ice 

T  imu 
if 

CtllBiJIg 

Signal 

Wlv. 
Lie  I  ay 
Time. 

%vt 

Valve 

C  1  -ulna 
Time, 

Her 

Time 

nf 

Cloving 

Signal 

Valvr 

Delay 

Time, 

a«c 

Valve 
Closing 
Time. 
ace  | 

niA 

0 

0.  Iflft 

0.  HR 

i  mo 

<1.  03.1 

0  030 

0  442 

0.  05  1 

0.  034 

0.  442 

U  fi4ti  2.  Jin 

0.  442 

o.  qw> 

0.  Ofit 

0.442  3  IM  u.oTi 

0  442 

o. ;  1 

0  100 

U.  442 

0.  lOfi 

■  A  2*1.1 

OIB 

0 

f>.  153 

0.  152 

1  OH 

n.  rwo 

0.  OAK 

0  441 

0.  032 

tl.  Olio 

U.  Ul 

G.  500  2.4  2 

K  44  1 

0.  our. 

U.  Ofif 

0.441  J  1  O 

n  44] 

0  23  a 

o.  fioa 

0.  441 

0  102 

0.  2112 

\ 

me 

l> 

0.  Irtft 

i>.  1M 

1  01  L 

n.  ofia 

o.  os* 

<1  442 

0  U34 

II.  1130 

l).  442 

n.fiiu  2.4i. 

0.  442 

o.  ov 

0.  05A 

0,  *42  Jo  l Lift  '  (J.Ofl  j 

0.  442 

0  213  fi 

0  5  77 

0.  432 

0.  107 

0,  29? 

V  1 

mn 

0 

o.  isn 

0.  150 

1  013 

il.  059^ 

fir  04  R 

0  440 

0.  Ofikt 

0.030 

U.  440 

J  fi4fi  2.  420 

y. 440  1 

0.  0 tf  J~| 

0.  OfiV 

o.  4  j  u  j ,  i  as  o .  o(t  a  | 

0  4  in 

il  2'JU 

O.70f! 

a.  440 

0.  100 

[  0.  277 

Pre-fire  Final 
deyuenre 

0 

o  o«g 

0.  1  10 

i  on 

0.  043 

0.  (17* 

0  448 

0.  04ft 

o.  ofia 

0  44# 

fl  fiUV  1. 4HU 

0.  44<i 

0.  07&J 

0.  047 

l>.  44ft  0.  140  '  o  o»Tu~j 

0.  4  45  i 

|  0  211 

1  0.223 

L _ _J 

0.  44fi 

0.  005 

L>.  Jfipj 

o 

o> 


ShuLiJuwn 

Firm* 
NuniPe  r 

Main  f  ye*  V aive 

Main  Oxi<tl*»r 

Valve 

Ooa  Drncriitor 

Fun!  Pnppei 

(las  Generator 
Omdlicr 

Puppet 

Oniilrcnr  Turbine 
Ry^ni  \V>vf 

J4-IB0I 

Time 

nr 

(Toiling 

Slfiia  I 

v  m.  v  e 

«y 
Tin  *r. 

ipf 

\  ttlve 

Cl  u  a  mg 
Time . 

are 

1  JlUr 

uf 

Fine i ng 
Sljjno: 

V  aivr 
L>c^ay 

T  tmr 

Valve 

C'  liming 
Time 

**(• 

Time  Valve 

uf  Delay 

Clo&iiL^  rime, 
Sljrnnl  xw 

Valvr 

ClCMMm? 

1  line. 

1  B? 

Time  Valve 

nf  De>|jy 

(.loBim;  Iu-ijc, 

S  1  •{/)*<  1  UL’L' 

Valve 
F|na  mg 

T  Kilt, 

iw 

Time 

rtf 

f>t>enhiB 

Siannl 

Valve 
Delay 
T  ime . 

■  pi 

VuD- 

D|irniri(> 

Tim*. 

arc 

01 A 

10.  078 

3  J  15 

1  323 

JU  0^*1 

0.  U1>K 

o.  r*y 

oa.o-o  jo.  ovo 

u.  02a 

til  07 ft  0  0x6 

0.  029 

10.  070 

0.  2U2 

0  soft 

0IR 

ft.  >73 

;a  ns 

J  35fi 

fi  073 

0.  0  0  0.  203 

5.  U7J  jo.  072 

0.  022 

fi  u. j  (i.  inw 

n.027 

5  073 

0.  25  fi 

f>  702 

0IC 

ft.  l#3 

i).  1  24 

0.  354 

fi.  073 

0.  0^0 

o.  20i; 

S.  073  10.  07f, 

0.  020 

1.  073  0.  019 

U.  032 

3  073 

0.  2(5# 

0  Til 

01 D 

3.  3(2 

^0.  1 )  H 

t)  341 

it.  o  n 

0.  ovo 

0.  20fi 

fi.  032  U.  075^  0,020 
0.00  <  0.020 

5.  072  0  Olfl 

0.  030 

ft  072 

0.  2«1 

j  0.  Cg 4 

Pre-nreFUiUi 
|  Sequence  | 

o.  ono  J 

1  741 

0.  070 

0.  129 

0.  005 

U.  019 

0.  230 

|  0  «9fi 

Nutes  1.  All  valvr  ntgnaj  lunri  Are  rrfe renmit  In  \q 

2.  V»,\t  dc.av  iLiu*  U  Ujc  time  rerluirc'i  fur  initial  valve  movement  - ft«- r  the  v»lv«  'open'  or  '  uo*«f  «ol*n3ld  ha«  b^en  energtfrrt 

3.  Final  stuuwcp  chr.  b  La  ronductetJ  w  ithout  propellant*  and  wllhtn  12  hi  before  Lentil. jj 
4  D*m  rrJirod  from  oscillogram 
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TABLE  VIII 

ENGINE  PERFORMANCE  SUMMARY 


Firing  Number  J4-1801-01A 

Normalized 

Time,  sec 

29.  5 

29.  5 

Thrust,  lbf 

229, 000 

228,  200 

Chamber  Pressure,  psia 

775.  5 

766.  4 

Overall 

Mixture  Ratio 

5.559 

5.  568 

Engine 

Performance 

Fuel  Weight  FLow,  lbm/sec 

82.  60 

81.  66 

Oxidizer  Weight  Flow,  lbm/sec 

458.4 

453.  1 

Total  Weight  Flow,  lbm/sec 

540.  7 

534.  5 

Mixture  Ratio 

5.  778 

5.  779 

Thrust 

Chamber 

Total  Weight  Flow,  lbm/sec 

533.  7 

527.  5 

Performance 

Characteristic  Velocity,  ft /sec 

7965 

7963 

Pump  Efficiency,  percent 

73.  1 

73.  1 

Pump  Speed,  rpm 

26, 640 

26,490 

Fuel 

Turbopump 

Turbine  Efficiency,  percent 

59.  6 

i 

59.  5 

Performance 

Turbine  Pressure  Ratio 

7.  22 

7.  22 

Turbine  Inlet  Temperature,  °F 

1251 

1236 

Turbine  Weight  Flow,  lbm/sec 

7.  02 

6.  97 

Pump  Efficiency,  percent 

80.  3 

80.  3 

Pump  Speed,  rpm 

8639 

8584 

Oxidizer 

Turbine  Efficiency,  percent 

45.  5 

45.4 

Turbopump 

Performance 

Turbine  Pressure  Ratio 

2.  68 

2.  68 

Turbine  Inlet  Temperature,  °F 

813.  9 

802.  4 

Turbine  Weight  Flow,  lbm/sec 

6.  38 

6.  34 

Gas 

Mixture  Ratio 

0.  970 

0.  961 

Generator 

Performance 

Chamber  Pressure,  psia 

1 

660.  0 

J _ 

653.  7 

J _ 

Site  -  Test  Data 

Normalized  -  Test  Data  Corrected  to  Standard  Pump  Inlet  and  Engine 
Ambient  Vacuum  Conditions 
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APPENDIX  III 
INSTRUMENTATION 


The  instrumentation  for  AEDC  test  J4-1801-01  is  tabulated  in 
Table  III -I.  The  location  of  selected  major  engine  instrumentation 
is  shown  in  Fig.  Ill—  1 . 
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b.  Engine  Temperature,  Flow,  and  Speed  Instrumentation  Locations 
Fig.  Ill-l  Continued 


AEDC-TR- 67-181 


mnunutm 


W^Z/ty 

ft 

TSTDVCC 


-'J 

CO 


Liquid 


Control 

Regulator 


Deflector 

Assembly- 


Ignition 

Control 


TBHR-2 


TBHR-1 


Helium  Inlet 


Ground  Vent  Control 


Main-Stage  Control 


Helium  Control 


f 


Top  View 

e.  Helium  Regulator 
Fig,  1 1 1  - 1  Continued 


U8L-i9-aiOQ3V 


MANIFOLD 


HATBANDS 


PUMP 


M’UBE226 
, — TUBE24I 
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TABLE  lll-l 

INSTRUMENTATION  LIST 


AEDC 

Ccc-e 

Tap 

Ha-arrittoi*  No 

P.BIW 

Micro- 

SADIC 

Magnetic 

Tape 

O&cillo-  Strip  X-Y 

graph  Chari  Plotter 

Cm  rent 

a  rip 

ICC 

Conti  o\ 

0  to  30 

X 

X 

lie 

Ignition 

0  to  30 

X 

X 

Event 

EECL 

Engine  Cutoff  Lock.n 

On  /Off 

X 

X 

EECO 

Engine  Cutoff  Signal 

On/OCf 

X 

X 

X 

EES 

Engine  Stari  Command 

On /Off 

X 

X 

EFBVC 

rue.  Bleed  Va.vD  Closed  Limit 

Open  ' Cl o sea 

X 

EFJ  r 

Fuel  Injector  Tempere-iure 

On/Off 

X 

X 

EFPVC/O 

Fuel  Prevalve  Ciosed/Opcn  Limit 

Closed/Open 

X 

X 

EHCS 

Helium  Control  Solenoid 

On /Off 

X 

X 

EID 

Ignition  Detected 

On  /Off 

X 

X 

El  PCS 

Ignition  Phas»e  Control  So.ena.c 

On /Off 

X 

X 

EMCS 

Main -Stage  Control  Solenoid 

On  /Off 

X 

X 

EMP  1 

Main-Stage  Pressure  No.  1 

On /Off 

X 

X 

EMP-2 

Main-Stage  Pressure  No.  2 

On /Off 

X 

X 

EOBVC 

Oxicizer  P.eed  Valve  Closed  Limit 

Open /Closed 

X 

EOPVC 

Oxioizer  Prevalve  Closed  Limit 

Closed 

X 

X 

EOPVO 

Oxidizer  Prevalve  Open  Limit 

Open 

X 

X 

ESTDCS 

Start  Tank  Discharge  Control 

Solenoid 

On /Off 

X 

X 

X 

RASIS  - 1 

Augmented  Spark  lgr.iirr  Spurk 

No.  1 

On*  Off 

X 

RAS15-2 

Augmented  Spark  Igniter  Spark 

No  2 

X 

RGGS-1 

Gas  Generator  Spark  No.  l 

On /Off 

X 

R  GGS-2 

Gas  Generator  Spark  No.  2 

On /Off 

X 

Flows 

gpnn 

QF-1A 

Fuel  PFF 

0  to  9000 

X 

X 

QF-2 

Fuel  PFFA 

0  to  9000 

X 

X 

X 

QFRP 

Fuel  Recirculation 

0  to  1SD 

X 

QO-1A 

Oxidizer  POF 

0  ;o  3000 

X 

X 

QO-2 

Oxiaizer  PC  FA 

0  to  3000 

X 

X 

X 

QORP 

Oxidizer  Recirculation 

0  to  50 

X 

X 

Forces 

Ibf 

FSP-1 

Side  Load  (Pitch) 

=20, 000 

X 

X 

FSY-1 

Side  Load  (Yaw ) 

±20, oao 

X 

X 

Position 

Percent  Open 

lfvt 

Main  Fuel  Valve 

0  to  100 

X 

X 

LGGVT 

Gas  Generator  Vc.ve 

0  to  100 

X 

X 

LOTBVT 

Oxidizer  Turbine  Bypass  Valve 

o  to  ioa 

X 

X 

LOVT 

Main  Oxidizer  Valve 

0  to  100 

X 

X 

X 

LPUTOP 

Propellant  Utilization  Valve 

0  to  100 

X 

X  •  X 

LSTDVT 

Siart  Tank  Discharge  Valve 

0  *o  IOC 

X 

X 
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TABLE  lll-l  (Continued) 


AEDC 

Tap 

Micro- 

Magnetic 

Oscillo- 

•Strip 

X-Y 

Code 

Parameter 

No 

Rarge 

SADIC 

Tape 

Craph 

Chart 

Plotter 

Pressure 

psia 

PA  1 

Test  Cell 

0  to  0.  5 

X 

X 

PA  2 

Test  Cell 

0  to  1  0 

X 

X 

PA  3 

Tc&t  Cell 

0  io  5.  0 

X 

X 

PC-1P 

Thrust  Chamber 

CGI 

0  to  1CC0 

X 

X 

PC-? 

Thrust  Chamber 

CGI  A 

0  to  1000 

X 

% 

< 

PCAS1-2 

Augmented  Spa^k  Ignitor  Chamber 

10 1 

0  to  1000 

X 

PCGG-2 

Gas  Generator  Chamber 

GGl  A 

0  to  1000 

X 

PFAS1J 

Augmented  Spark  Igniter  Fuel 
Injection 

0  to  1000 

X 

PFJ-1A 

Matn  Fuel  Injection 

CF2 

0  to  10QO 

X 

X 

PFJ-2 

Main  Fuel  Injection 

CF2A 

0  io  1000 

X 

X 

PFJGG-lA 

Gas  Generator  Fuel  Injection 

GFx 

0  to  1000 

X 

PFJGG-2 

Gas  Generator  Fuel  Infection 

GF4 

0  to  1000 

X 

X 

PFM1 

Tuel  Jacket  Inlet  Manifold 

CFl 

0  to  2030 

X 

PFOI-lA 

Fuel  Tapoff  Orifice  Ouiir  l 

HF2 

0  to  1C00 

X 

PPPC-1A 

Fuel  Pump  Balance  Piston  Cavit\ 

PF5 

0  to  1 OOO 

\ 

PFPD-1P 

Fuel  Pump  D  scharge 

PF3 

D  to  1500 

X 

PFPD-2 

FueL  Pump  Discharge 

PF2 

0  to  1500 

X 

X 

X 

PFPl-  1 

Fuel  Pump  Inlet 

0  to  100 

X 

X 

PFPI-2 

Fuel  Pump  Inlet 

0  to  200 

X 

X 

PFFI-3 

FueL  Pump  InLet 

0  io  20D 

X 

X 

PFPS-1P 

Fuel  Pump  Interstate 

PF6 

0  to  200 

X 

PFRFO 

Fuel  Recirculation  Pump  Outlet 

0  to  SO 

X 

PFKPR 

Fuel  Recirculation  Pump  Regain 

0  to  50 

X 

PFaT-lP 

Fuel  Stan  Tank 

Tr-i 

0  to  1500 

X 

X 

PFST-2 

Tuel  Start  Tank 

TFl 

0  to  1500 

X 

X 

PFUT 

Fuel  Tank  Ullage 

0  to  100 

X 

PK\1 

Fuel  Tank  Repress urization  Line 
Nozzle  InLet 

0  to  1000 

X 

PFVL 

Fuel  Tank  Kepi  ci>sunzation  Lire 
Nozzle  Threat 

C  to  1000 

X 

PGBX1 

B\pasa  Xczzle  lnlei 

res 

0  to  200 

X 

PIIECMO 

Pneumatic  Control  Module  Outlet 

C  to  750 

X 

PHECP 

Oxidizer  Recirculation  Pump 

Purge 

0  :o  150 

X 

PHcr  -  ip 

Helium  Tank 

NNi 

0  to  3500 

X 

X 

PHET-2 

Helium  Tank 

NN1 

0  to  3500 

X 

X 

PHR0-1A 

Helium  Hegulatoi  Outlet 

NN2 

0  to  750 

X 

X 

POBSC 

Oxidizer  Bootstrap  Conditioning 

0  to  50 

X 

POBV 

Gas  Generator  Oxidizer  Bleed 
Valve 

G02 

0  to  2CO0 

X 

POJ-lA 

Mam  Oxidizer  Injection 

co  a 

0  to  JOOO 

X 

POJ-2 

Mam  Oxidizer  Injection 

COJA 

o  to  iooa 

X 

X 

PO.JGG  1A 

Gas  Generator  Oxidizer  Injection 

COS 

0  to  1000 

X 

X 
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TABLE  lll-l  (Continued) 


AUDC 

Code 

Pd  amcler 

Tap 

No 

Range 

M  ic  ro  - 
SAD1C 

Magnetic 

Tape 

Oscillo¬ 

graph 

Strip  X-Y 

Chart  Plotter 

Pressure 

POJGG-2 

Gd^  Geneiaiui  Oxidizer  Injection 

GO  5 

0  to  1000 

X 

POFBC.  ■  1 A 

Oxidi/er  Pump  Br  ar  irig  Could.ru 

PO? 

0  lo  50l> 

X 

PCPD-lP 

Ox icizei  Pumo  Discharge 

POJ 

0  lo  1500 

X 

PC  PD- 2 

Oxic.i/or  Pumo  Discharge 

P02 

0  lo  1500 

X 

X 

X 

POP1-1 

Oxic.zci  Pjmp  7nl<r. 

0  to  100 

X 

X 

POP1-2 

Oxicizer  Pump  Inlet 

C  lo  200 

X 

X 

POP1-3 

Omc)7i^j  Pump  In] cl 

0  lo  l  03 

X 

POPSC-1A 

Oxidizer  Pump  Primal  v  Seal 
Cavity 

POh 

0  lo  50 

X 

POHPO 

Oxidizer  Recirculation  Pump 
Outlet 

0  to  115 

X 

POKPH 

Oxidizer  Recirculation  Pump 
Return 

0  lo  jl00 

X 

POT1-1A 

Oxidizer  Turbine  Inlet 

TG3 

0  to  200 

\ 

POTO-IA 

Oxidizer  Tum-ne  Outlet 

PC  4 

3  to  ,(I0 

X 

pour 

Oxidizer  Tan*  Ullage 

3  vo  ICO 

X 

POVCC 

Main  Oxidizer  Valve  Closing 
Control 

0  vo  500 

X 

X 

POV1 

Oxidizer  Tank  Kept  essuc  ization 
Line  Nozzle  Inlet 

0  to  1000 

X 

POVL 

Oxidizer  Tank  Ke pressurization 
Lino  Nozzle  1'hroat 

0  to  1000 

X 

PPUVI-lA 

Propellant  Vlu.zation  Valve  In’ et 

POS 

0  to  10CG 

X 

PPUVO-1A 

Propellant  UIl.  .zaUor.  Valve 

Outlet 

pay 

0  to  SDG 

X 

PT  C  PJ  P 

Thrust  Chamber  Fuel  Jacket 
Purge 

0  to  100 

> 

ptpp 

Tuibopump  and  Gas  Generates 
Purge 

0  to  250 

X 

Spends 

Xpm 

NFP-lP 

Fuel  Pump 

P5  V 

0  to  JO,  000 

X 

X 

X 

NFRP 

Fuel  Rouirculatiori  Pump 

0  lo  15,  000 

X 

NOP  -  IP 

Oxidizer  Pump 

POV 

0  to  12,  000 

X 

X 

X 

NORP 

Oxjdjzer  Recirculation.  Pump 

0  lev  15,  000 

X 

Temper  a.tures 

*  F 

TA1 

T es*  Ce_l-: North) 

-50  to  +  b00 

X 

TA2 

Test  Cell  {bra) 

-50  to  -JBOO 

X 

TA3 

Tesl  CeJ.  {Souvhl 

-50  to  4  800 

X 

TA4 

T est  Cell  1  West) 

-50  to  +80  0 

X 

TAiP-lA 

Auxiliary  Instrument  Package 

-300  to  +200 

X 

TBHR-1 

Helium  Regulator  Body  (North 
bide) 

-100  to  t&O 

X 

TBHFL-2 

KeUum  Regulator  Body  iSouth 
Side) 

-  100  to  -50 

X 

X 

TBSC 

Oxidizer  Bootstrap  Conditioning 

-350  vo  -150 

X 

TCLC 

Main  Oxilizer  Valve  Closing 

Coati  oi  Line  Conditioning 

-325  vo  +200 

X 
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TABLE  lll-l  (Continued) 


AEDC 

Tap 

Micro- 

Magnetic 

Oscillo¬ 

Strip 

X-Y 

Code 

Parameter 

No 

Range 

SADIC 

Tape 

graph 

Chart 

Plotter 

Temperatures 

IE 

recp-ip 

Electrical  Controls  Package 

NST1A 

-300  to  +200 

X 

X 

r  FASU 

Augmented  Spark  Igniter  Fuel 
Injection 

I  FT  I 

-425  to  -100 

X 

X 

TFBV-1A 

Feel  Blecc  Valve 

G1T1 

-425  "0  -375 

X 

TFJ-lP 

Main  Fuel  Injection. 

CFT2 

-425  to  -r25Q 

X 

X 

X 

TFPD-1P 

Fuel  Pump  Discharge 

PFT1 

-425  to  -400 

X 

X 

X 

TFPD-2 

Fuel  Pump  Discharge 

PFT1 

-425  to  -400 

X 

TFPDD 

Fuel  Pump  Discharge  Duct 

-320  to  +300 

X 

TFP1-1 

Fuel  Pump  Inlet 

-425  to  -400 

X 

X 

r  f  pi  -  2 

Fuel  Pump  Inlet 

-425  to  -400 

X 

X 

TFRPO 

Fuel  Recirculation  Pump  Outlet 

-425  to  -410 

X 

TFRPR 

Fuel  Recii  culation  Pump 

Return  Line 

-425  to  -250 

X 

TFRT-1 

Fuel  T  ante 

-425  to  -410 

X 

TFRT-2 

Fuel  Tank 

-425  to  -410 

X 

TFST-1P 

Fuel  Start  Tank 

TFT  1 

-350  to  +100 

X 

TFST-2 

Fuel  Start  Tank 

TFT1 

-350  to  +100 

X 

X 

TFTD-1 

Fuel  Turbine  Discharge  Duct 

-200  to  +800 

X 

TFTD-lK 

Fuel  Turbine  Discharge 

Collector 

-200  to  +  S30 

X 

TFTO-2 

Fuel  Turbine  Discharge  Duct 

-200  to  +1000 

X 

X 

TFTD-5 

Fuel  Turbine  Discharge  Duct 

-20Q  to  H  100D 

X 

X 

TFTD-3R 

Fuel  Turning  Discharge  Line 

-200  to  +&00 

X 

TFTD-4 

Fuel  Turbine  Discharge  Duct 

-200  to  +1300 

X 

TFTD-4R 

Fuel  Turbine  Discharge  Line 

-200  to  +900 

X 

TFTD-5 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

TFTD-b 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

TFTD-7 

Fuel  Turbine  Discharge  Duct 

-200  to  +1400 

X 

TFTD-B 

Fuel  Turaine  Discharge  Duct 

-200  to  +1400 

X 

V 

TFTI-1P 

Fuel  T ursine  Inlet 

TFT1 

0  to  1300 

X 

X 

TFTO 

Fuel  Turbine  Outlet 

TFT2 

0  to  1300 

X 

TGGO-1A 

Gas  Generator  Outlet 

GGT1 

0  to  1GOO 

X 

X 

X 

THE  T-IP 

Helium  Tank 

NNTT 

-350  to  +100 

X 

X 

TMOVC 

Main  Oxidizer  Valve  Actuator 
Conditioning 

-325  to  +200 

X 

TOB3-1 

Oxidizer  Bootstrap  Line 

-300  to  +250 

X 

TOBS-2 

Oxidizer  Bootstrap  Line 

-300  to  +250 

X 

TOB5-3 

Oxidizer  Bootstrap  Line 

-3QD  to  +250 

X 

TOBS-4 

Oxidizer  Bootstrap  Line 

-300  to  +  250 

X 

TOBS-5 

Oxidizer  Bootstrap  Line 

-300  40  +250 

X 

TOBSCI 

Oxidizer  Bootstrap  Conditioning 
Inlet 

0  to  IOC 

X 

TOBSCO 

Oxidizer  Bootstrap  Conditioning 
Outlet 

0  to  100 

X 

TOBV-1A 

Oxidizer  Bleed  Valve 

GOT  2 

-300  to  -250 

X 
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AC  DC 
Code 

rOPH-  1A 
ropu-iP 
tgpu-2 
roprw 

TOP!  ■  1 
TOPI-  2 

roRPO 

TOKPEt 

runr-i 
iosr-3 
TOT!  - 1  p 
lOTO-lP 
TOVL 

TP1P  IP 

tppc 

\SC2  1 
T^C2-2 
TSC2-3 
TSC2-4 
TSC2-5 
T5C2-G 
TSC2-7 
TSC2-S 
TSC2-9 
•J  SC2- 10 

isca-ij 

TSC2-12 
T3C2- i 3 

rsc2- 1*3 
TbC2-)5 
TbC2- Jb 
TSC2-  17 
1SC2-16 
T°C2~  10 
T3C2-20 
TSC2-21 
TSC2-22 
TSC2-23 
Tr^C2  -24 
TSOVAL-1 


TABLE  1 1  i  - 1  (Continued) 


Pai  arietei 
I  tiv.pci  r lures 

Oxir*j?et  E'unip  H<*s.i  .ng  CooLun 
Cxmitut  P  imp  Pm.:  ha:  ge 
Clxltlnter  Punp  D.srhn:  c*e 
Oxidizer  Pump  Di^uhai  6<?  Skin 
Om^Ii/Ci  Pumplniet 
Oxidizer  Pump  Enlet 

Oxidizer  Recirculation  Pump 
Outlet 

Oxidizui  Reel:  cuL&lion  Pjrnp 
KetLu  n 

Oxidizer  T wnx 
Oxidise:  I  *nk 
Oxidize:  I'ui  bine  Inlet 
Oxidizei  rurbine  Outlet 

Oxidizer  Tank  Repre»5urizatior 
Line  Nozzle  Throat 

Pumary  Instrument  Package 

Pno Lima: it  Package  Conoitiomng 

Thi  usl  Chambei  Skin 

Ihiust  Chamber  Skin 

Ttu  Ui>t  Chamber  Skin 

Thrust  Chantbei  Skin 

'lhrust  Chamber  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Thrust  Chamber  Skin 

Fr.r  jj?L  Chamber  Skin 

Thrust  C.tambei*  Skin 

Thi  ust  Cr.iimbc.  Skin 

ThiLst  Ctiarr.bex  Skin 

Thrust  Chamber  Skm 

Thrust  Ohambci  Skin 

Thiusl  Chamber  Skin 

Thrust  Chambei  Skin 

Tfcrjsl  C.nambei  Skin 

Thi  us:  Cr.ivir.btr  Skm 

T h i  os:  Chamber  Skin 

Thrust  Chamber  Skm 

Thrust  Chambir  Skn 

Thrust  Chamber  Skin 

Thrust  Chamber  Skm 

Oxidrzei  Valve  Closing  Conti ol 
Line 


Tap 

No 

Range 

.Micro- 

SADIC 

po  r  4 

1L. 

-300  to  -25C 

X 

POT't 

-2  00  to  -2S0 

X 

PO  I  J 

-zOO  tu  -250 

X 

-303  to  -100 

X 

-310 :o  -270 

X 

-310  to  -270 

r. 

•300  to  -250 

X 

-300  to  -HO 

X 

•300  :o  -267 

X 

- 3 J 0  to  -287 

X 

tots 

0  to  1200 

X 

tc  r+ 

0  to  1000 

X 

-  300  to  +100 

X 

-300  to  4  200 

X 

-325  to  -200 

X 

-300  to  -500 

X 

-300  tc  -.500 

X 

-  300  to  +  5U0 

X 

-300  to  ^500 

X 

-300  to  4500 

X 

-300  to  +500 

X 

300  to  +500 

X 

-300  to  1-500 

X 

-300  to  +500 

X 

-  100  to  4  503 

X 

-jco  to  4  r»co 

X 

-.'30  to  4533 

X 

•330  ‘.r>  +5  30 

X 

•200  to  -500 

X 

-300  to  4500 

X 

- 300  to  +500 

X 

•  300  to  +500 

X 

-  400  to  +50U 

X 

-  vQ3  \o  -  5 OP 

X 

-300  to  +500 

X 

-300  to  -500 

X 

-300  lo  +  500 

X 

300  lo  4  500 

X 

-  100  lo  +500 

X 

-200  lo  +103 

X 

Magnetic  OaciLlo  Strip  X~Y 

Tape  graph  Chart  Plotter 

x  xx 

x 

x 


X 
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AFDC 

Code 

TSOVAL-2 

tsqvc-i 

TSOVC-2 

TSTC 

TSTDVCC 

TS  TDVOC 

TTC-1P 

TTC^P  1 
TXOC 

UFPK 

UOPR 

UTCD-1 

UTCD-2 

UTCD-3 

U1V3C 

U2VSC 

VCB 

VIB 

VIDA 

VPUTEP 


TABLE  lll-l  (Concluded) 


Pafaraelet 


Tap  Micro-  Magnetic  OseiLLo-  Strip  X-Y 

No.  Rango  SAD1C  Tape  graph  Chart  Plotter 


T  emperaturcs 

Oxidizer  Valve  Closing  Control 


Line 

-200  to  +100 

X 

X 

Oxidizer  Valve  Actuator  Cap 

-325  to  +150 

X 

Oxidizer  Valve  Actuator  Filter 
Flange 

-325  to  +150 

X 

Start  Tank  Conditioning 

-350  to  -i  150 

X 

Start  Tank  Discharge  Valve 
Closing  Control  Port 

-350  to  +100 

X 

Start  Tank  Discharge  Valve 
Opening  Control  Port 

-350  to  +100 

X 

Thrust  Chamber  Jacket 
(Control) 

CS1 

-<125  to  +500 

X 

X 

Thrust  Chamber  Exit 

-423  to  +500 

X 

Crossover  Duct  Conditioning 

-325  to  +200 

X 

Vibrations 

& 

Fuel  Pump  Radial  90  deg 

±200 

X 

Oxidizer  Pump  Radial  90  deg 

+  200 

X 

Thrust  Chamber  Dome 

+500 

X 

X 

Thrust  Chamber  Dome 

±500 

X 

X 

Thrust  Chamber  Dome 

±500 

X 

X 

No.  1  Vibration  Safety  Courts 

On/Off 

X 

No.  2  Vibration  Safety  Counts 

On/Off 

X 

Volt  age 

Volts 

Control  Bus 

0  to  36 

X 

X 

Ignition  Bus 

0  to  36 

X 

X 

Ignition  Detect  Amplifier 

9  to  16 

X 

X 

Propellant  Utilization  Valve 
Excitation 

0  to  5 

X 
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APPENDIX  IV 

METHODS  OF  CALCULATIONS  (PERFORMANCE  PROGRAM) 


TABLE  IV-1 

PERFORMANCE  PROGRAM  DATA  INPUTS 


Item 

No. 

Parameter 

1 

Thrust  Chamber  (Injector  Face)  Pressure,  psia 

2 

Thrust  Chamber  Fuel  and  Oxidizer  Injection  Pressures, 
psia 

3 

Thrust  Chamber  Fuel  Injection  Temperature,  °F 

4 

Fuel  and  Oxidizer  Flowmeter  Speeds,  Hz 

5 

Fuel  and  Oxidizer  Engine  Inlet  Pressures,  psia 

6 

Fuel  and  Oxidizer  Pump  Discharge  Pressures,  psia 

7 

Fuel  and  Oxidizer  Engine  Inlet  Temperatures,  °F 

8 

Fuel  and  Oxidizer  (Main  Valves)  Temperatures,  °F 

9 

Propellant  Utilization  Valve  Center  Tap  Voltage,  volts 

10 

Propellant  Utilization  Valve  Position,  volts 

11 

Fuel  and  Oxidizer  Pump  Speeds,  rpm 

12 

Gas  Generator  Chamber  Pressure,  psia 

13 

Gas  Generator  (Bootstrap  Line  at  Bleed  Valve) 
Temperature,  °F 

14 

Fuel*  and  Oxidizer  Turbine  Inlet  Pressure,  psia 

15 

Oxidizer  Turbine  Discharge  Pressure,  psia 

16 

Fuel  and  Oxidizer  Turbine  Inlet  Temperature,  °F 

17 

Oxidizer  Turbine  Discharge  Temperature,  °F 

*At  AEDC,  fuel  turbine  inlet  pressure  is  calculated  from 
gas  generator  chamber  pressure. 
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NOMENCLATURE 


A 

B 

C* 

Cp 

D 

H 

h 

M 

N 

P 

Q 

R 

r 

T 

TC* 

W 

Z 

J3 

7 

6 

P 


Area,  in.^ 

Horsepower,  hp 

Characteristic  velocity,  ft /sec 

Specific  heat  at  constant  pressure,  Btu/lb/°F 

Diameter,  in. 

Head,  ft 

Enthalpy,  Btu/lbm 
Molecular  weight 
Speed,  rpm 
Pressure,  psia 
Flow  rate,  gpm 
Resistance,  sec^/ft^-in.^ 

Mixture  ratio 
Temperature,  °F 

Theoretical  characteristic  velocity,  ft/sec 
Weight  flow,  lb /sec 
Pressure  drop,  psi 
Ratio 

Ratio  of  specific  heats 

Efficiency 

Degrees 

Density,  lb/ft^ 


SUBSCRIPTS 

A  Ambient 

AA  Ambient  at  thrust  chamber  exit 

B  Bypass  noz-zle 
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BIE 

Bypass  nozzle  inlet  (Rankine) 

BNI 

I3y [jus «  nozzLe  inlet  (total) 

C 

Thrust  chamber 

CF 

Thrust  chamber,  fuel 

CO 

Thrust  chamber,  oxidizer 

cv 

Thrust  chamber,  vacuum 

E 

Engine 

E  F 

Engine  fuel 

EM 

Engine  measured 

EO 

Engine  oxidizer 

EV 

Engine,  vacuum 

e 

Exit 

em 

Exit  measured 

F 

Thrust 

FIT 

Fuel  turbine  inlet 

FM 

Fuel  measured 

FY 

Thrust,  vacuum 

f 

Fuel 

G 

Gas  generator 

GF 

Gas  generator  fuel 

GO 

Gas  generator  oxidizer 

HI 

Hot  gas  duct  No.  1 

H1R 

Hot  gas  duct  No.  1  (Rankine) 

H2R 

Hot  gas  duct  No.  2  (Rankine) 

IF 

Inlet  fuel 

IO 

Inlet  oxidizer 

ITF 

Isentropic  turbine  fuel 

ITO 

Isentropic  turbine  oxidizer 

N 

Nozzle 

NB 

Bypass  nozzle  (throat) 
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NV 

O 

oc 

OF 

OFIS 

OM 

oo 

PF 

PO 

PUVO 

RNC 

SC 

scv 

SE 

SEV 

T 

To 

TEF 

TEFS 

TF 

TIF 

TIFM 

TIFS 

TIO 

t 

V 

v 

XF 

XO 


Nozzle,  vacuum 
Oxidizer 

Oxidizer  pump  calculated 

Outlet  fuel  pump 

Outlet  fuel  pump  isentropic 

Oxidizer  measured 

Oxidizer  outlet 

Pump  fuel 

Pump  oxidizer 

Propellant  utilization  valve  oxidizer 
Ratio  bypass  nozzle,  critical 
Specific,  thrust  chamber 
Specific  thrust  chamber,  vacuum 
Specific,  engine 
Specific,  engine  vacuum 
Total 

Turbine  oxidizer 
Turbine  exit  fuel 
Turbine  exit  fuel  (static) 

Fuel  turbine 

Turbine  inlet  fuel  (total) 

Turbine  inlet,  fuel,  measured 

Turbine  inlet  fuel  isentropic 

Turbine  inlet  oxidizer 

Throat 

Vacuum 

Valve 

Fuel  tank  repressurant 
Oxidizer  tank  repressurant 
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PERFORMANCE  PROGRAM 

MIXTURE  RATIO 

Engine 


W'eO 

rE  - 

WE.F 

WE0  = 

WOM  - 

w\o 

Wrf  = 

W  F  M  - 

WxF 

We  = 

Wro  - 

W  KF 

Thrust  Chamber 


rC 

= 

Wco 

W  C  F 

Wco 

WOM  -  W\o 

WcF 

= 

WfM  -  W'xf 

wrxo 

= 

0.8  lb/sec 

W'XF 

= 

L  .8  lb  /sec 

WG0 

= 

WT  -  Wgf 

*cF 

TV  'y 

Wt 

PT[p  AT1F  k 

TC*tif 

K, 

= 

32.174 

Wc 

W'CO  +  Wet 

CHARACTERISTIC  VELOCITY 

Thrust  Chamber 

r*  k7  P,  At 
L 

K7  =  32.174 


EQUATIONS 


-  Wco 

-  Wgf 
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1  DEVELOPED  PUMP  HEAD 

Flows  are  normalized  by  using  the  following  inlet  pressures,  tem¬ 
peratures,  and  densities. 

Pio  =  39  psia 
PlF  =  30  psia 
p, o  -  70.79  lb/ft* 
pIF  =  4.40  lb /ft3 

Tjo  =  -295.212°F 
Tjf  =  -422.347  °F 

Oxidizer 

Ho  =  K4  M 

V/*oo  Pro/ 

K4  =  144 

p  =  National  Bureau  of  Standards  Values  f  (P,T) 

Fuel 

Hf  =  778.16  AhoFIS 
AhOFIS  =  hOFIS  “  hIF 
hoFIS  =  f(P,T) 
blF  =  «P,T> 

PUMP  EFFICIENCIES 

Fuel,  Isentropic 

bQFIS  -  blF 
hoF  -  K1F 

boF  =  f(POF»  TOF) 

Oxidizer,  Isentropic 

'lo  =  ’loc  Y0 

¥  /QpoV  if  /Qp&\  y 

7?OC  =  ^40  I  T  h-50  K60 

K10  =  5.0526 
K50  =  3.8611 
K6o  13  0.0733 
Y0  =  1.000 
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TURBINES 


Oxidizer,  Efficiency 
•*  i  o 


V\o 


Biro 


W'ro  "n 


Pro  = 
k5  =  0.001818 
Wpo  =  W()M  +  *PhVO 
Wpuvo 


Kl'irvo 
V  «v 


P  00 


Zpuvo  =  A  +■  B  (Poo) 

A  =  -1597 
13  =  2.3828 

II'  PqO  >  1010  .Set  Poo  -  1010 


7R  II  V  O 


n  M 


\3  +  u3  Wpuvo)  +  C  Wprvff)3  +  P3  fe) 


e 


P II  V  0 


E.  <0|MI  VO^  W 


01. 


iMjvo 


(e) 


H. 


5.5659 

y 

10"1 

1.1997 

y 

10-2 

7,9413 

X 

10-6 

i,2343 

—7.2554 

X 

10- 

3,0691 

X 

10“2 

#PljVO  =  16.5239 
Fuel,  Efficiency 

^TF 


>i  r 


Bit  k 

Bitf  =  K.,0  All!  W7 

Ahf  =  h  TI F  -  f>TFF 
B  I  F  =  Bi»F  =  K5  ~  “*  j 
Wpp  =  WFV) 

K  ,q  =  1 .41 48 
=  0.001818 
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Oxidizer,  Developed  Horsepower 
Bto  =  Bpo  +  K56 


Bpo 


^5  6 


1'  wPO  Ho 

■  ks  ~v~ 
=  -15 


Fuel,  Developed  Horsepower 

Btf  =  Bpf 

rj  V'  ®PF  ^1 

Bpf  -  L 

Wpp  =  WfM 

Fuel,  Weight  Flow 

Wpp  =  ftj 

Oxidizer  Weight  Flow 

Wto  =  Wt  -  Wp 


2 

ri 

yH2-l  " 

B  *» 

2Kl 

>  H2-1 

XH2 

1  -  (Pr.\c') 

Akb  BbN'I 

(RH2.T 0  [0  )  ^ 


p  RNC 
£nB 
yH 2  ’  MH2 

Anb 

^13 

Tbir 

Pbni 

Ptefs 

PTEF 


f  (0NB.  yH2^ 

p»d 

db 

f(T  11  2Ri  Rg) 

^13  Bnb 
0.7854 

Ttio  -  460 
ptefs 

Iteration  of  PteF 


XH; 


=  P 


TEFS 


1  +  Kc 


TH2R 


PTE  F  S  /  n*TF,F  MH2 


FH2-1 

>'H2 


yH3~  1 


K9  =  38.8983 
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GAS  GENERATOR 

Mixture  Ratio 

re  =  D,  (Tin)3  +  C,  (Thi)2  -  Bj(Thi)  ~  Ai 
A  t  =  0.2575 

B,  =  5.586  x  10“4 

C,  =  -5.332  x  10-9 

D,  =  1.1312  x  10-11 

Tm  =  Ttifm 


Flows 


TC*tif  =  D2(TH|)3  +  C2(Thi>2  +  B2<Thi>  t  A2 


A2  =  4.4226  x  lo3 
B2  =  3.2267 
C ,  =  -1.3790  x  10~3 
D2  =  2.6212  x  JO'7 


Ptif  -  Ptifs 


-I  yH  i 

Thir  >H1  -  1 

P*T IF  3  )'H  ! 


Ka  =  38.8983 

Note:  P  j  ip  is  determined  by  iteration. 

T  in  R  =  TT|F 

Mill.  I’m,  Cp,  rHl  =  i  (ThIR.tg) 
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